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PREFACE. 



bouk is intenderi to furnish the stuolent wilU 
simple statement of the fimdamentnl principles of what 
commonly called Theoretical Cliemistry, The siiliject 
of course, not exhausted; many things have purposely 
len left out, either beeatise they have not yet reached 
,eh a stage of development as to entitle tliem to a place 
ttnong the fundamental priticiples, or because it was 
lOught better to emphasize more strongly those princi- 
which are treated. Should the reader miss anything 
'hich he expected to fint],hewill please carefully coll- 
ider whether the grotmds referred to are a sufflcieut 

The imiierfectious that will be noticed are, partly at 

last, due to the imperfection of our knowledge on some 

the aulijeets discnssed. For instniice, it seems to be 

impossible for us at pi-eseut to treat the subject of Valence 

In such a way as to lead to satisfactory results, ratiinly for 

the reason that wo know so little in regard to it. What- 

view of this property one may take, he will find some 

'ulties which he cannot sui'mouut. 

i for the value of the structural formulas, wliich are 

iscussed at some length in tlie second part of the book, 

it need only be said that, if it be borne iu mind wliat tUcy 

itended to represent, they are not quite so absurd as 

chemists arc just now trying to make us believe 

are. These formulas certainly represent known 

in regard to the coustituUow o^ tViiXW.^^ c»ivs\- 



I pdimds. They do not ropi-eseiit these oomijoiinds as a 
t photograph, for exnmple, represents a building; but 
I rather somewhat iii the same way that, in Phjaica, lines 
I represent forces in their magnitude and direction. Take 
I the formulas for what tliey are, and they have consider- 
' able value. Try to find in them the architectural plans 
of the chemical molecules, and they appear absui-d. But 
I it is very unjust to find fau.lt with a tiling For not doing 
I what it pcver pretended to do, and what its originators 
I have distinctly stated it could not do. 

i careful study of ihis book will, it is believed, be of 
' assistance in showing exactly upon what basis our con- 
ceptions of chemical constitution rest. Whether our 
as are good or bad, they deserve to be studied, for 
L the simple reason that tliey are held by nearlj' all the 
I "working chemists of thu day, and much of the work tliat 
being douo in tlie principal laboratories is a result of 
these prevailing ideas. 

I. R. 
Baltimore, February, Ib'il. 
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PART FIRST. 

GENERAL DISCUSSION OF ATOMS 
AND MOLECULES. 



.ATOMIC THEORY— ATOMIC WEIGHTS, ETC. 
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General Conceplio — b b 
are, for tlic most part t 
generally be decumpo d t I 
like — some by one m i 

stances are called c mi u 1 
re(iuired to separate tli r 

cnts, a marked diffe 
Sometimes only vei^ n|l 
required to effect tb sej at 
found that, after the [pl at 
jirocesses has failed, tb mi 
" some of tile so-uall 1 | hy 
stricity. This leid t tl 
least two varieties f mp 
!Be varieties is mo 1 

:ternal properties. Asregardi 



ciir in nature 
a. Tbey can 
tt ■ tbftt are un- 
I . Such 8ub- 
1 to the means 
their constitu- 
I ffurent cases. 



are 

At th r times it is 
f 11 p jy mechanical 
i ^ Id t tlje influence 
f heat, light, 

n I that tbere are 

1 b ta es. Kach of 

gly ha acterized by 
those which < 



omposed by mechanical means alone, it is true that they 
posscGs the combined proijerties of their constituenta ; 
and these constituents arc usually contained in the cora- 
lound in tiieir original forms. As regards the second 
iS8 of componiids, on the otber hand, it is just as true 
tiA tliey do not possess tlie propeHies of their constilu- 
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ents; and these constituents are contained in the com- 
pounds in forms iliffering enUrely from those originally 
possessed liy them. 

ChemiHm. — Snbstanees which are held together by 
coliesion or adhesion can he eejiarftted hy mechan' 
means. But we have liere evidence of the existence of 
some force wliich holds substances together, and wbich - 
cannot be overcome by mechanical means. To this force ■ 
the name chemical affinity or chemism lias been given. 
Tlie object of tlie science of chemistry is the study of this 
force in its relations to matter; or the stndy of tbo action 
of matter upon matter, as far as it is in&uenced by this 
force. In regard to the position wliich chemistry occu~ 
■ jiies- among the sciences, it will be seen that it is primarily 
a branch of physics, if to tlie latter science is given its 
broadest scope. But, farther, chemism always gives rise' 
to the formation of new bodies, and the study of tliesi 
their relations to each other becomes a legitimate part of 
the object of chemistry. This allies tiie science to that 
brand) of study embraced under the head Natural His- 
tory. Owing to this twofold character, it is customary, 
to treat tlie subject as forming an independent sciei 
and, for many reasons, this is the most convenient metliod. . 

We have thus far recognized tlie existence of the force, 
chemism ; and also become acquainted with one of th& 
characteristics of its action. The knowledge of the fores: 
remained for a long time in this state, as the methods o 
investigation at first emploj'ed could not disclose its' 
most important characteristics. Up to the latter part of- 
the eighteenth century, the qualilatiue method of investi- 
gation was of necessity the principal one employed in" 
the etndy of chemical phenomena ; tliat is to say, the 
quality of the substances allowed to act npon eacli other, 
Bnd the quality of the product or products were noted, 
but little attention l>eing given to the amounts of the 
substances employed, or of those obtained as products. 
As the importance of the qvanlilative method became 
more and more apparent, tlie means for applying it also 
gradually made tiieir appearance. The balance, the sine 
qua non of chemistry, was improved, and, finally, in 
Lavoisier's hands led to tangible results. To its use is 
to be asoribed the correct explanation of the phojiomeuou> 
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of combustion, a phenomenon which, considered in all Uio 
varied forms in which it is presented to im, must be 
looked upon as the most important of all ehcmicnl phe- 
nomena. Bnt, tlioiigh the espliination of combnation wna 
correctly given, no new property of cheinism. was dis- 
covered. A new example of the kind of action whiuh 
was alreaiiy known to characterize the force waa added 
to the list; the key was given to a better understanding 
of the elicroical nature of gaseous bodies; the indestructi- 
bility of matter became, pcrliapa, more distinctly evident 
titan it had hitherto been ; but the knowledge of chemism 
Bs such remained what it had been up to that time. That 
n definite result was obtained through a consideration of 
tlie quantitative relations of an experimeut was the fact 
which, al>ovo ail others, gave an impulse to the snbse- 
quent development of the science. 

Investigations of chemical phenomena now took, in 
general, a different direction ; and soon the united work 
of many htinds sncceeded in establishing a fundamental 
principle of tlie science. The first semlilanee of a gene- 
ral law governing chemical action made its appearance 
when it was finally establisheil beyond a doiibt that the 
combination of bodies, under the influence of chemism, 
always takes place in fixed proportions. This principle, 
tliongh perhaps tacitly acknowledged by many chemists, 
was not fnlly established until the beginning of the pre- 
sent century. In 1803, a strong effort was made by 
Borthollet, in his work entitled "Statiqtie Chimique," to 
prove the incorrectness of the principle, bnt the oppo- 
sition called forth liy this work, particularly from Proust, 
led to more and more careful examinations of the so-called 
chemical compounds, and thus to the firm establishment 
t the principle. Proust also showed that two bodies 

itald combine with each other in more than one propor- 

n, and that for each combination the relative prnpor- 

tnt o( the constituents were fixed. 

ballon's Inoeatigations. — In the year 1804, Palton's 
IFestigations enabled him to take another advance-step. 
Another general law governing chemical action was dis- 
covered and propounded. This was ihe law of multipte 
prtiporlions. As this is tlic foundation of the science, as 
iC ia at preseuti, let us follow, somewhat in detail, Dalton's 
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reiiBoniiig, Mrtij Biibatances had been analyzed, before 
lits lime, and the percentages of the contititueuta hail 
been determined with a tolerable degree of aeenracy. 
He examined first two gasen, botli of which consist of 
carbon and hydrogen, viz., oleflant gas and marsh-gas. 
He analyzed them both, and determined the percentage of 
the constituents contained in them. These percentages 
were as follows: — 



On comparing these iinmbers he found that the ratio 
of carbon to hydrogen iii olefiant gas was as fi to 1 ; 
whereas, in marsh-gas it was 3 to 1, or 6 to 2. The 
amount of hydrogen comliined with a given amount of 
carbon was exactly twice as great in the one case as in 
the other. 

For the two oxides of carbon, further, the following 
numbers were obtained :■ — 



But 42.86 : 5t.U : ; 6 : 8, and 2T.2T : 72.73 : : 6 : 
The amount of oxygen combined with a given amount 
of carbon in carbon dioxide was exactly twice as great as 
the amount of oxygen combined with the same amount 
of carbon in carbon monoxide. He saw again that, in 
olefiant gas, one jwrt by ■weight of hydrogen combined 
with six parts by weight of carbon; and that in carbon 
monoxide eight jiaita by weight of oxygen combined also 
witli six parts by weight of carbon. Water was now 
examined. It contains 88.8!) per cent, oxygen and 11. 11 
per cent, hydrogen; and tliese nnmliers are to each other 
as 8 to 1. The numbers whicb, in the first place, repre- 
sented the combining pnijiorlions of oxygen and liydro- • 
gen respectively with carbon, are also found to represent, 
in the second place, theoomhining proportions of oxygen 
and hj'drc^en with each other. All subsequent exai 
nations of other compounds led to similar resnlta, and 
thus Daltim ha<l discovei-ed the law of multiple propor- 
tions. This may be stated as follows : — 

If lioo bodien, A and B,/orm xeveral compounds 
teifh each olfier, and -we consider any fixed amount 
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I of A, llien the different amounts of I! which com- 
> biiiewilk thisjixed amount of A bear a simple ratio 
to e-ach other. 

n fixeil law, and it was generally acknowledged 
I Siidi by contemporaneous chemists. Tims another 
iTRiiteriatic of chemimn was clearly jjointed out. 

Aiomin Theory, — .But Dylton diil not stop with the 

discovery of the law of multiple proportions; he sought 

^^jr its explnnatLon. He was thus led to pmposc the 

H^innu; theory, as affording the simplest, explanation of 

^^Kfc fuels as obsei'ved. 

SPP^he qucBlioo as to Uiu ultimate condtitntion of matter 
"•Itftd tVequenlly and from the earliest dates lieeii discussed. 
Two views were held at different [»erioda and by different 
thinkei'8. One of tliese supixised matter to be indefinitely 
divisible. Tlic other snppo,sed that there was a limit to 
the divisibility, and that this limit was reaehed when the 
division had been carried down to certain small pailicles 
ctUlcd atomg. After the discovery of the law of multiple 
projwrtions, however, the atomic theory was further 
dovelojieil, and, in conaeiiuence, acquired a more deflnite 
form, as tlie existence of atoms was supposed to have a 
direct connection with chemical combiiiatiuns. Theresidts 
of Dalton's investigations are not fully stated in the law 
of miiltiple proportions as above given ; another fact was 
made clear which is also of importance. The complete 
results mB3' be stated as fullows : It was shown that for 
each element a particular number might be selected t and 
lliat this number or a simple multiple of it would repre- 
sent the proportion by weight in which this element com- 
bined with other elements. Dalton explahied this by 
siipiwsiug that cbemioal action takes place between 
atoms, i. c, between particles that arc indivisible and 
• have definite weights. If cliouiical combinatiou takes 
^laoe between one atom of oue substance and one atom 
~t another substance, or l)etween a simple number of 
a of one substance and a simple ninnber of atoms of 
, and these atoms have definite weights, then 
1 the explanation of the laws of ile&iiite and mul- 
Qproportions is gi\'en. 
Ilms the iilea of atom* became a miu'li more tangible 
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one Lhan it had beeD np to that time. Nut only were 
atoms supposed lo have (Icfinile weiglits, but a method 

8 given liy means of which their relative weights could 
be determined. The number assigned to an element, 
repreeeDting its combining proportiun, would nlso repre- 
sent tile relative weight of its atom. The faet that the 
combining proportion of nn clement was in some eaaes 
represented by a multiple of the simplest nnmber was 
Batisfactoriiy accounted for by sup]>osing that in these 

les more than one atom of the element combined with 
one atom of another element. 

DeterniiTiotinn nf Alomic Weights. — The determination 
of atomic weiglits became now the chief, immediate prob- 
lem of the science of cliemistiy. Daltun's atomic theory 
was accepted by many, though not by all. The laws 
governing chemical combinations could not be doubted, 
but the explanntion conlil be and was. Nevertheless, the 
impci'tanee of determining for each element the character- 
izing number, call it atomic weight or combining propoiv 
tion,waB acknowledged by nil; and c.onseqneutly pai'- 
ticulnr attention was given to this field of research during 
the period directly following Dalton's |iublioatiou. Let 
us see how thoroughly the desired object oould be accom- 
plished alone by the aid of the principles laid down hy 
Dalton. 

At the time of which we are speaking, the methods fov 
chemical analysis were still far from perfect, ami hence 
most of the detenninations tlien made required subse- 
quent eorrectiims which were gradually forthcoming as 
the analytical methods were improved. This fact, how- 
et'er, has nothing to do with the subject under consider- 
ation. The principle alone is involved. Tlie question is 
to be answered : Can we, on logiuai grounds, with the 
principles contained in Dalton's investigations, ever deter- 
mine the i-clativo weights of the atoms of elements ? To 
decide this question we must Ilrst examine more carenilly 
Dalton's method for detei-mining atomic weights. In tlie 
following brief discussion the correct numbers, as given 
by later analyses, are employed, instead of those origi- 
nally found. This does not interfere with the principle, 
and does simplily the matter otherwise. 
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^^^Kethod for the Determination of Atomic Weights de- 
^^Rtft^nf upon Analysis. — As the stanilard tho L-omlnniiig 
^niiinber of hydi'ogen was first selectee], and this made 1> 
Hydrogen combines with osygen in the proixirtioii of 
1:8; and as water was the only known coio|wuiid of 
hydrogen and oxygen, t he conclusion was drawn tliat llie 
two elements were united atom to atom, and henee the 
Btomic weight of oxygen was 8. Further, nitrogen is 
i-ombined with hydrogen in smmonia in the proportion 
of 1 part by weight of hydrogen to 4| parts hy weight 
of nitrogen. Ammonia was the only compound of nitro- 
gen and hydrogen known ; and the same reasoning, as 
above employed, led to the eonclnBion that ihe »tomic 
weight of nitrogen was 4f. Considering for a moment 
these two simple cases, we see that the numbers thus 
found, as representing the relative weights of the atoms 
of oxygen anil nitrogen, are founded partially upon 
hypothesis. There is nothing to decide as to the nnniher 
of atoms of hydrogen ov oxygen that are contained in 
water, nor of nitnigen and hydrogen in ammonia, and, 
oC course, as long as this niimlieris unknown, it is impos- 
sible to draw any positive conclusion with reference to 
the atomic weights of nitrogen and oxygen. Any con- 
clusion tliua drawn ia dependent upon a thorough Itnowl- 
«iv of the compounds of the parttcnlar element under 
Wideration. Such a number must linally l>e selected 
is most in accordance with the facts. This selection 
bfe remain more or less arbitrary, as may be more 
arly and decidedly shown. 

Take again the case of oxygen. A second compound 
of hydrogen and oxygen is now known containing the 
elements in the pi'opoilion 1 : 16. At lirst sight, the 
explanation of this may appear simple enough. In this 
second compound there are two atoms of oxygen com- 
bined with oue of bydragcn, and thus the proportion is 
^^^Jgfied. But may we not with equal right decide that 
^^^^vstcr there are two atoms of hydrogen combined with 
^^^K of oxygen T This would give us for oxygen the 
^^Hjtaiic freight I Ci, and, in the second comjionnd, we would 
^^Hfre contained one atom of each of the elements. 

Further, if we altemjit to determine the atomic weight 
of carbon by Dalton's method, we shall encounter ilitH- 
culMes fully as great,flnd our Dual selecUou among n ' 
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minibers will be arbitrary. Taking nleflmit gn'^, we liave 
iiyilrogeii fomiiined willi enrboii in the proportion 1:6; 
in tnarsli-gas llie prupoition of the same (constituents is 
' : 3 or 2 : G. If we siqipose that in olefiant gas the 
elements arc combined atom with atom, then the Oitomiu 
eight of uarbon would be fi, and consequently in marsh- 
^la we would have Mo atoms of liydrogun combined 
with one atom of carbon. But here again wo can just as 
well suppose that in marsh-gas wc have the simplest kind 
of combination, and this would give us for the atomic 
weight of carbon 3, Then in olefiant gas two atoms of 
carbon would be combined with one atom of hydrogen. 

Finally, let ns lake the oxygen compound of carbon. 
In earbon monoxide, carbon is united witli oxygen in the 
proportion of 6 : 8 or 3 : 4 ; whereas in carbon dioxide 
the corresponding propoitiou is 3 : 8 or 6 : 16. Now 
let us suppose the atomic weight of oxygen to be eqnai 
to S, then, if carbon monoxide is the simpler of the two 
compounds, the atomic weiglit of carbon is 6; and in 
carbon dioxide there are two atoms of oxygen combined 
with eaeli atom of carbon. Here, again, it is evident 
tiiat we can just as well itnagiue carbon dioxide to be the 
simpler compound, in wlueh case the atomic weight of 
carbon would be 3, and in earbon monoxide there would 
lie two atoms of carbon combined with one atom of oxygen. 
Between these dilTerent possibilities it is impossible to 
draw a logical conclusion with the aid of the knowledge 
which can be obtained by analysis. The number of similar 
iustancea might be increased indefinitely ; the inadequacy 
of the method could be made more strikingly clear by 
examples of a more complicated kind, but the cases men- 
tioued are sufficient for our purpose; we are obliged to 
liiok for other methods for the determination of atomic 
weights if we would free the niimbi'rs from arbitrariness, 

EquivoleiUs. — This necessity was recognized first and 
most clearly by Wollaston in 1814. As no method pre- 
sented itself to him which wouid furnish a firm founda- 
tion for the determination of atomic weights, he proposed 
to abandon the idea of atomic weights entirely, and to 
substitute for it that of the equiaale.nl, thus, as he sup- 
posed, getting rid of all hypotheses and oblainingnumbcrs 
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thnt would be the simple expresHions of proved facts. 
Tbe equivalent of nil element was to liim tbat quantity 
of tlie eletnetit that possessed the same chemical rnliie as 
a given qnantity of another element, that qnaiitity of an 
clement that could play the same role as a given quantity 
of another element. According to the conditions of this 
definition, it is plain that, in order to know what portions 
of two elements are equivalent, wc innst be able to com- 
pare the two. Hence, primarily, only of such elements 
as can be compared with each oilier, of such as possess a 
eeilain degree of similarity, can the equivalent quantities 
l>e determined. As this direct comparison is not always, 
nor, indeed, in tbe majority of cases, possible, recourse 
must lie had to indirect comparieon. 

To illustrate this lei lis take an example. Hydrogen 
and chlorine combine with each other in the proportion 
of 1 part by weight of hydrogen to 35.5 porls by weight 
of eiilorine, and from this fact we draw the conclusion 
that 35.5 parts of chlorine arc equivalent to I part of 
hydrogen. We find in the same way tbat 8 parts of 
oxygen, 80 of bromine, IG of sulphur are all equivalent 
to I |>art of hydrogen. Knowing that 35.5 rejiresents 
the equivalent of chlorine, we determine the quantities of 
sodium .tnd silver that are respectively equivalent to this 
qnantity of chlorine. We find for sodium 23 and for 
silver 108. Tliese quantities of nilver and sodium are 
further found to be equivalent to 8 parts of oxygen, 80 
parts of bromine, and 16 parts of sulpbnr, and lience we 
conclude tbat tbey are also equivalent to 1 partof bydro- 
gen. Thus the equivalents of sodium and silver have 
lieen delermined by the method of indirect comparison. 
Sodium and silver do not combine with hj-drogen, yet 
the equivalent numliers found are intended to express the 
proportions iij which they wonld combine with hydrogen, 
provided such combination were possible. We are amply 
justified in this in most simple cases, but nevertheless it 
must be dietinotly borne in mind that such numbers aa 
are determined by indirect comparison with the standard, 
whatever this may lie, are not in the strictest sense 
I MEfl'^^^'ui'^ o'' pi'^^'d facts; the last step in the dctcr- 
~ 'Antions, however justified we may be in taking it, 
" iiires, nevertheless, tbe aid of hypothesis. 

f tlie iJiffloiilty thus refevteiX to "Netfe \}»,e. ovi.'s v 
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to be met with in tliedeterminatioii of eqiiivaleiitn limbers, 
aucb rteterraiimtionB wonlil have nejirly the full value 
claimed for them by Wollaston. This, bowever, is not 
the case. Aa boou as we consider any bnt the aimplest 
forme of compounds, we are left ia fully as much doubt 
in regard to tlie equivalent niiinhers aa we were in regard 
to atomic weights. If it be required to determine the 
quantity of carbon that is equivalent to I part of hydro- 
gen, tbeconipouuds of the two elements mnst be examined. 
But there are a great many compounds of these two ele- 
ments. Taking but two, olefinnt gas and marsh-gas, we 
find that in the former (see ante, p. 16) I part of hydrogen 
ia combined with (equivalent to) 6 parts of carbon; 
whereas, in the latter, 1 part of hydrogen is combined 
with (equivalent to) 3 parts of carbon. What shall here 
decide whicL ia the cori'eot number? It ia evident from 
Biieii instances as this that the idea of equivalent is fully 
as uncertain as that of the atom was at the time we are 
considering. That an element could be equivalent to two 
entirely different quantities was in itself somewhat para- 
doxical, if the original definition of equivalent was re- 
tained. These difllciilties seem not to have been apparent 
to Wollaston, He continued his determinntions of equi- 
valents, and during this time a fusion of the ideas of 
equivalent and atomic weight took place unconsciously. 
As neither of these ideas was then definite, as to each of 
a number of elements a number of atomic weights conld 
be assigned, and almost as many equivalents, the suc- 
ceeding period in the history of clieniistry presents a 
disagreeably confused condition, until it became felt on 
all sides that some new idea or ideas must be introduced, 
if a fair foundation for the science was to be reached. 

Detcrminalioni< by Berzdiuf. — Before the necessary 
new ide.is wei'e introduced, the nietlioda at hand were 
employed to the full extent. All known compounds of 
any given element were compared with each other, and a 
number finally selected, that would best satisfy the facts, 
to represent the equivalent of the element, or its atomic 
weight, as it was called by others. Berzelius attacked 
the subject must successl^illy. He laid down rules, by 
the aid of which the number of atoms of an element con- 
taiitetl Ju a compound could be determined, and hence 
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IIJBlso ita atomic weiglit. Ther, bymore carefHl analyses 
than bad lieen previously made, the atomic weights oi' 
eqiiivalenlsofall the elements were deterrained. A largo 
iinmher of tbese determinations depended for their cor- 
rectness npoTi ehemical rules, similar to the following, 
I given by Berzelina: — 

^^■T If an element forms several oxid'^s, and (he quan- 

^^^fe iitien of oxygen contained in them, an compared with 
^^H fl fixed guantity of the element, bear the proportion 
^^H^ 1 : 2, then ii is to be concluded that the first com- 
^^P pound consiHts of one atom of the element and one 
^B atom of orytfen ; the seoond, of one atom of the 

^H elevienl and two atoms of oxygen (or two atoms of 

^^L the element and four atoms of oxygen), Iftlieprn- 

^HL portion is 2 ; 3, then the first compound consists of 
^^m one atom of the element and two atoms of oxygen; 
^^^ Ike second, of one atom of the element and three 
atoms of oxygen, etc. 
This rn!e covers those casea in which it is reqnired to 
determine the atomic weight of an element liy a consider- 
ation of its oxides. Other rules wei-e given in which 
sulphur compounds, etc., were made the basis of calcu- 
lation. 

It will lie observed that, although in these rules the 
oxygen and sulphur are taken as the elements, the number 
of whose atoms varies, the otiier elements might theoreti- 
cally he considered in the same way, and the atomic 
weights obtained would tlien be entirely different. An 
example will make lliia clear: Mercury conibiues with 
oxygen in two proportions. In the first compound, 8 
parts of oxygen are combined with 200 parts of mercury ; 
in the second, 16 paT-ts of oxygen are combined with 200 
parts of mercury. Adopting the rule aljove laid down, 
we would conclude that, in tiie first compound, 1 atom of 
mercury is combined with 1 atom of oxygon ; and in the 

second, I atom of mercury with 2 atotua of oxygen. ]f, 

" ), S is the atomic weight of oxygen, 200 is the atomic 

fht of mercury. Tint if, on tlie other hand, we eoii- 

r the quantity of oxygen as rcmainiuf^; flxe<l, and that 

a mercury as varying, then we would have in the 

mpound, 8 parta of oxygen combined with 300 

f mercury, and in the second, 8 parts of oxygja 

i witli ittO i^arts of mevcury ; auA,\iy a. awn'A.-i.t 
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pi'ocesa of reasoning, we might draw the coiicloaion ttmt 
tlie first compoiiml contains 2 atoms of iiierciivj to 1 atont 
of oxygen, and the second., ] alom of inei'ciirj' to 1 atom 
of oxygen; nnd thus we would obtain 100 as tlie atomic 
weight of mercury instead of 200, as found above. Ber^ 
zeliuB had made certain observations on chemical bodies 
upon which he based his rules, but, as we shall see, these 
observations were not sutHcieiit. 

Another difflcnlty presented itself in the case of those 
elements that only combined in one proportion with 
oxygen. What should decide in regard to the numlier 
of atoms of oxygen contained in a compound of such an 
element? Here speculation was the only aid, and it 
oflen led to false results. 

The Principle of Substitution employed in the Deter 
mination of Atomic Weights. — The researplies of Ber- 
zelins added a vast amount to the knowledge of the com- 
bining weights of the elements, and it must be acknow- 
ledged that the delernji nations made by him rested upon 
a somewhat Hrmer basis than the determinations made 
previously, fie made the fnllest and most logical use ol 
purely chemical means that could be made at the time. 
Subsequently, however, a. new fact was discovered in 
connection with chemical com[)ouud8 which proved of 
great value in simplifying the consideration of chemicM 
phenomena, anil also aided materially in the solution of 
the problem of the determination of atomic weightSi 
This is snJixtitution. The subject will be considered 
more fully in the last section; here a brief explanation 
will suffice for the purpose of exhibiting its connectioilF 
with the problem with which we are at present dealing. 
It has been found that certain elements have the power 
of entering into compound bodies, driving out some of 
the constituents, and taking the place tlius left vacant. 
For instance, water contains 2 atoms of hydrogen and 
one of oxygen ; if we allow potassium to act upon water, 
a poition of the hydrogen is given off, and a new com- 
ponnd containing both potassium and hj'drogen, in ad- 
dition to the oxygen, is the fcsult. If now potassium 
l>e fnrllier allowed to act upon this new compound, the 
hydrogen contained iii it will be driven ont, and its place 
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^^Brilt be taken by potassium. ThuB wo obtain from water, 
^^^ i-eplacing its hydrogen by potassium, a compound 
containing 3 atoms of potnssiiira and 1 atom of oxygen. 
Tliis kind of action is called Hubslilulion. 

To show how, by tnlting into acconnt the transform- 
atioHB included under this hea<l, we may draw conclu- 
eiona of importance witli reference to atomic weiglits, one 
simple example may suflico: We Lave seen tbat tbe cbief 
difficulty in determining atomic weights or equivalents by 
.chemical means consists in tbe lack of data for estimating 
e number of atoms of an clement contained in any given 
mpound. Considei'ing marsb^as, we find that in it 1 
; of hydrogen is combined with 3 parts of carbon, 
BOd, as above stated, we migbt conclnde from this fact 
^ftt the atomic weight of carbon is 3. If, however, we 
I by any means prove that there are more than one 
I of hydrogen contained in the gas, tbe conclusion 
would require modification. By means of the process of 
substitution, ihia can be proved. By allowing chlorine 
to act upon marsh-gas imder proper conditions, a portion 
'of tbe hydrogen will lie replaced, and a compound cou- 
laining carbon, hydrogen, and chlorine will result. This 
1^ compound treated with chlorine again gives up a 
ibrtion of its hydrogen, and takes np chlorine in its 
■* This operation may be repeated four times, and 

MS finally a compound is obtained which contains only 
izbon and chlorine. Each time tbe same amount of 
tdrogen is given up, and is replaced by an equivalent 
tonnt of chlorine. Thus it is plain that the hydrogen 
^nally contained in marsli-gas is divisible into four 
te, and we are obliged to accept the conclusion that 
_!{[«« are at least four atoms of hydrogen contained in 
narsb-gas — a conclusion which wc could not possibly 
reach by the aid of the means heretofore considered. If 
now we take that amount of carbon which is in combina- 
tion with four atoms of hydrogen as representing one 
atom (and, by a consideration of the whole list of carbon 
compounds, wc are jnstiliet.1 in this step), then the atomic 
weight of carbon is 13. The method thus briefly illns- 
' wted is capable of application to a considerable extent, 
jt to such an extent as to render it a general 
i for the determination of atomic weight:!^. 
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Consideration of Chemical VecompoHitions for 
purpose of ddermining Atomic Weights — One more 
method of reasoning must be referrert to as having bees 
emiiloyed, either for the puriKiBe of ftii-nishiiig proofs of' 
tile correctnesa of atomic weights determined by other; 
means, or for ttie direct determi nation of these weights. 
An example will best make this matter elear. We wish 
to know, for inataneo, Low many atoms of hydrogen aroi 
combined with nitrogen in ammonia; or, having by th^ 
preceding method concluded that this num1>er is ? 
wish to verify the coueliiaion by other observations. By 
treating nitric acid (which we will supixwe to coataiii 
(me atom of bydi-ogen to every atom of nitrogen) with 
liydrogen, we obtain ammonia. Now, if we consider tl», 
amount of hydrogen that in nitric acid was in combiiis- 
tion with the nitrogen, we find that, in the I'ognltii^ 
ammonia, three times as much hydrogen is combined 
with the same amount of nitrogen. .FurtJior, ammonia 
combines directly with a number of componnds, and; iC^ 
we examine tlie amount of hydrogen contained in this 
ammonia, we find Ihat it most necessarily be represented 
with three or some multiple of three atoms of hydrogen. 
Thus, if we study tbe various eases in which ammonia is 
either formed, or destroyed, or enters into combination, wo 
find always that the quantity of ammonia Ihns playing a 
part must contain three or some mnltiple of three atoms 
of hydrogen ; and hence wc are again led to the conclu- 
sion th.it, in ammonia at least, three atoms of hydrogen 
arc combined with every atom of nitrogen. 



Tlic methods we have thus briefly described comprisa 
all we have at our command for the determination ot 
atomic weights rtependeut upon purely chemical pro^ 
cesses. Consider these methods as we may, we most 8< 
that tliey are inadequate to the accomplishment of their 
ohject. The determinations may indeed be made, but at 
last there must always remain a doubt concerning thai 
result. If then we can approach the subject froiu »&> 
entirely different direction, we shall succeed in reducing'^ 
this (lonht to a minimum, if we find that the results at 
first obtained assert tliemselves as correct in tho second!. 
instance. Before passing, howcvci', to a considcmtioit ))£ 
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^^Mtw mettoHs for mnking these deter mi nations, it will lie 
^^tell to apply the knowledge wt liave gaineil in fising 
more dpfinilply Hinn has yet been done titu ideas of ele- 
ments jitid eo in pounds. 

Elements. — Tlie Ihcoi-otieal idea of n le t has 
niready beeu stated. An element, str tl> sj eak g '8 a 
substance that cannot b)- any possible m ana be 1 tom- 
]Kised into kinds of matter that arc nnl ke lb s 1 ttni- 
tion presupposes ft knowledge of all \ oss I le means for 
decomposing bodies. Until we are pofa t ve that ve are 
acquainted wilh nil these means, we oanuot be positive 
in regni'd to the existence of a singlo element. But it ia 
plitin that to assert the possession of this amount of 
knowledge would bo in the highest degree presumptuous. 
We can then never assert positively that any given snli- 
staiice i» an element ; we can only say that, the means at 
our command being insntBcient to bring about the de- 
composition ol' B given body, we consider this substanee 
an element until such time shnll arrive when, new means 
tieing given, it shall be aiiown to be compound. Nume- 
rous instances of the change of opinion concerning the 
elementary character of different substaiipes might be 
Adduced, prominent among whkh would lie the alkaline 
metals, the oxides of which were for a time looked upon 
as elements ; chlorine, which was looked upou as a eora- 
ponnd body until it had been satiafactovily shown that 
we were not in possession of tlie means fiiv decomposing 
it, etc. etc. Thus the number of elements, as stated at 
any given time, is entirely dp[jendent upon the state of 
chemical analysis at that time, and is never an expression 
of an absolute fact. At present, the number of elements 
known is 64. In other words, we can recognize the 
existence of fi4 different kinds of matter. 

If we consider the atoms which make up an elementary 
substance., we see that they must necessarily lie of the 
same kind, how far soever, we consider the subdivision 
of the substance as taking place before the atom is 
reached. Aceepling; then the existence of atoms, an 
element may be delbied as a substance made up of atoms 
of the same kind ; and we shall see that the dcHnition of 
iin atom, which will be given fiirtiier on, makes this deft- 
iiilioD of an eJement a strict one in every respect. 



28 



iCUaSION OP ATOMS AND MOLECULES. 



Compounds. — It has Iieen stnted that observation 
shows ua the existence of at least two varieties of com- 
pouod bodies. To oiily one of these, however, is 
name compov nd strietly applied, and tlieu tbe ns 
signifies a chemical compound. To the other class 
various names are applied, accoitiing to tlie nature of the 
Bultstance, sucb, for instance, as mechanical mixture, 
solution, alloy, etc. At one time it was thouglit that no 
strict line of division could be drawn between these two 
classes. The same ultimate causes were supposed to 
give rise to the formation of both ; and the constituents 
of both were supposetl to be held together by the same 
agent. It may be shown that tliere is a marked difference 
between them, suBIcient to enable us to say, in moat 
eases, witli which we have to deal. 

Firstly, if we examine chejnical compounds, we find that 
one of their most prominent characteristics is the poasea- 
aion of properties which differ entirely from those of their 
constituents. Hydrogen, an inflammable gas, and oxygen, 
a gas and energetic supporter of combustion, combine to 
form a liquid, water, which is not iuflammable and does 
not support combustion. Hydrochloric acid, a gas that 
turns vegetable bines refl, and ammonia, a gas that turns 
vegetable reds bine, nnite to form sal-am moniae^n solid 
that is without iuflnence upon vegetable colors. Chlor 
a, gas, and mercury, a liquid, give a solid with nom 
the properties of eillier. The number of these examiiles 
might be increased indcfiititely, and in each case a similar 
result would lie reached. 

Secondly, it will be found timt no purely mechanical 
means will suffice lo separate the constituents of a 
chemical compound from each other; liut for this pur- 
pose one of the so-called physical forces, as heat, light, 
electricity, chcmism, is necessary. 

Thirdly, the most important characteristic of chemical 
compounds is to be found in the proportion by weight ii 
which the constituents are bound together. As regards 
any compound of two elements, it is a fact that the con- 
stituents are present in lixed proportions l>y weight. If 
we bring these elements together without reference to 
their quantities, and the proper eondilions be brought 
about to induce combination, it is found that a definite 
quantity of one combines with a defliiite quantity of thdi 



ATOMIC THEORY — ATOMIC WEIOUTS, ETC. 



^^ftb^r; itnd, if tlic qtiantity of eilber present is in excess 
H^ the fixed quantity necessary (or the furmntinn of tiie 
coinpound, this excess will retnuin in its origiiinl form 
after combination has taken plnce. We can only ■vury 
the [iixj port ions to a very limited extent, unil tlien not 
gradually, but aceoi-ding to a fixed rule. This is the 
ci renin stance wliieh above all olliers enables ub to assert 
liosilively that a given jjody is or is not a clieniital com- 
pound. 

Mechanical Mixluren. — To compare the seeond i-laBs 
oouipounds with clieniical compounds proiier,.[et ua 
' take the so-ealted ineclianical mixtui'ea. If we bring 
'bxygen and nitrogen together, a homogeneous mixtnre of 
the two i&forme<],and this possesses the properties of hotli 
oxj'geu and nitrogen ; sucli a mixture, lor instance, is the 
atmosphere of the earth. Gases mix in this way by virtue 
of their inherent tendency to expand indefinitely and 
completely fill the space ottered to them. It is hence 
unnecessary to suppose that any special force aete in this 
gas to hold the coiistitnentj4 together. Many solids may 
be mist'd in various ways, but no matter how finely we 
may divide them, nor liow intimately we may mis them, 
jn-ovided chemical combination does not take place, we 
<-:ui again separate the constituents of the mixture by 
iiii.-cbanical means ^ and the naixture possesses all the 
original properties of its constituents. In both these 
ciises, fui-ther, the most varied quantities of the sub- 
stances may be employed, and, under the same conditions, 
mixtures will be formed just as readily with one pre- 
dion as with another. 
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Sululiuns and Alltiyx. — On Iho other hand, tiioae com- 
pounds which are known under the names of solutions 
and ttUoys are more closely allied to chemical compounds. 
We may have gases, liquids,, or solids in the state of 
solution, that ia, iu combination with some liquid body, 
and to all appearance themselves in the liquid form. The 
external proiierties of one of the constituents are no 
longer recognizable, and-they are, indeed, in part lost. 
A gas loses it? ordinary elasticitj- when dissolved in a 
liquid. A solid loses the cohesion which before held its 
Btfaer. Two liquids combined in tliis way 
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lose some of tlieir original properties, nnil receive new 
ones tliat re[)reseiit a mean Iielneen the lost ones, la all 
these iiistiinees some force must be imagined as acting 
between Ihe particles of the tlissolved bodies and the 
particles of the solvents, whicb is greater in its effect 
than the cohesion that originally held together the puT- 
ticles of tlie solid or liquid, or the repulsion that was 
exerted between the |>articlcs of the giis. Furtlier, we 
have the case of alloys or compounds of two or more 
metulB. These alloys present all Hie appearance of per- 
fectly homogeneous liodies, but never the less possess most 
of the properties of the constitnents. Ilere, too, some 
force must lie considered as acting between the nulike 
particles which differs from the ordinary force of cohesion! 

On examining the above-mentioned cases more care- 
fully, we find tliat there is, in almost all cases, a. limit to 
the action of the force. Substances that are soluble in 
water are not usunlly soluble to an unlimited extent; on 
the contrary, for any given temperatnre, the proportion 
of the Buhstsnee that can be dissolved ia fixed. But, 
iKtween this fixed amount and the smallest possilile 
quantity of the substance, all proportions are equally 
well dissolved. Some liquids mix with each other in all' 
proportions, a perfectly homogeneous liquid being tba 
result. Others dissolve each other to only a limited' 
extent, the limits being, as in the case of solids atid 
liquids, fixed for any given temperature. 

Whatever the force may be that is supposed to be tlis 
essential agent in the formation of these compounds in i 
variable proportions, it ia certain that the law or laws of 
its action have not been discovered op to the present. 
Some have looked iijion it as identiciil with chcmism, yet 
it appears that very distinct diU'ercnces between the two 
can be pointed out. 

The first feature of these compounds that indicates a 
radical dilferencc in the two forces is the retaining of the , 
chief original properties of the constituents. If we Ai»- 
solve soiiium chloride in water, we can obtain all the 
important effects from the solution that we could from 
the solid substance, and addeil to these we would then 
further obtain the etfeets of the water. And the stiina 
holds good for all solutions ; they can produce the effects 
of the substances dissolved and of the solventcombined. 
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^gaiD, and moat especially is tlie difference markeil. if 
we consider the proportitms by weigtit in which the sub- 
stances conibinc in the two ca%es. Whureas, whenever 
chemical compounds are formed, the constituents com- 
bine in fixed jn-oportions, — in the case of mixtiireR, aohi- 
tions, alloys, the constituents may combine in all possible 
proportions np to a certain fixed limit. 

Whether it would be expedient then to consider chem- 
ism and the force that is the cause of the formation of 
solutions, etc., as identical, but differing in degree, is a 
question that cannot be here diecussed. Certain it is, 
from the above remarks, that there exists sufficient diflcr- 
cnce between them towarrant usfor the present in restrict- 
ing the use of the name chemism to the designation ot 
that force which is the essential canso of the formation 
of chemical compounds. In this sense it will be used in 
the following pages. The atomic theory nccounls for the 
fact that bodies combine in definite propoilions by sn|> 
posing them to combine atom to atom, and these atoms 
to possess definite weights. According to this, cUemism, 
in its restricted sense, is tlie force which is exerted between 
atoms. It will be shown that these atoms may be either 
unlike. If they are like, the resulting body is an 
lent; if they are unlike, the resulting body is a ditm- 
compound. 



at is plain, from the foregoing, that chemical com- 

HUtds and elements are the only siibstunces the studv 

r which can lead to definite conclusions concerning the 

action of chemism, and hence we must confine oui'selves 

to these in our subsequent study of this force. And first, 

we must I'eturn to that fundamental problem of chemistry 

— the determination of atomic weights. It having lieen 

II that results reached by the methods already given 

tst tieceasai'ily be uncertain, we now proceed to attack 

B Buli^ect from a wholly new side. 



II. 

EXAMINATION OP GASEOITS ELEMENTS AND 
COMPOUNDS. 

Ab bodies present themselves to us in three diffei-cnt 
states of tiggregatioii, the solid, liquid, rikI gaseous, so 
our metliods of investigation of bodies must take differ- 
ent directions. The gases posaefis certain properties 
tlint are not possessed by solids and liquids, and in solids 
and liquids we detect certain general properlies that we 
counot detect in gases. The study of bodies iji the form 
of gas or vapor has led to very important results of last- 
ing influence upou the science, and to these let us direct 
our attention. 

lTioesligalioit& of Clay Lusi(ac.~-\\i the year 1808, Gay 
Lussac and Humlioldt discovei-ed the frict that when 
hydrogen and osygcn combined to form water, the cam- 
binntion takes place between 2 volumes of hydrogen and 
1 volume of oxygen. The simplicity of this ix-lation 
induced Gay Lussac to take np the study of other gaseous 
bodies, with the view of determining whether similar 
relations exiateil between the volumes of other combining 
gases. His researches permitted him soon after to deduce 
the following law of combination by volumes; — 

When two or mure gaseoun conslinienls combine 
to form a gaseous compound, the volumes* of the 
itidioidiial co-nstiiuentH an tvdl an their s«ni bear a 
simple relation to the value of the covipound. 
Thus, when hydrogen and chlorine unite to form hydro- 
chloric acid, it was found that 1 volume of hydrogen and 
1 volume of chlorine formed 2 volumes of hydrochloric 

where the volmnca of diB'erent gases are com- 
, the gftsea are, of course, supjioaed lo Lie under the same 
^llOBS of presHure and lem pern lure. 
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as. Two voliimea of hydrogen and 1 volume of 

Ksygen gave 2 volumes of water-vapor; 2 volumes of 

litrogen and 1 volnrae of oxygen gave 2 vuhimes of 

(dtroiia oxide. Furllier, 3 volumes of hydrogen and 1 

rolume of nitrogen gave 2 volumes of ammonia, etc. etc. 

_ On comparing this resnll with that already obtained 

"by Dalton, and mHking use of the atomic theory, aecord- 

ing to which combination between elements takes place 

between their atoms, we see that some simple relation 

exists between the volumes of gases and tlie reliitive 

ftttumber of aloms contained in these vohimes. This we 

Bjnay express in general terms as follows: — 

B The number of atoms contained in a given volume of 

K gaseous body forms a simple ratio with the number of 

Bfctoma contained in the same volume of other gaseous 

HtKidies. 

I As will be readily seen, tttis gives no foundation for 
nfae determination of atomic weights, inasmuch as we 
Khave no means of fixing the value of the " simple ratio," 
Kdc) without this we cannot determine the illative number 
Brf atoms contained in a given volume of gas. We know 
■itat 2 volumes of hydrogen combine with 1 volume of 
fexygen, and we know that 3 parts by weight of hydrogen 
■pom bine with 16 parts by weight of oxygen, If'urther, 
Kjie atomic theory tells us that a certain number of atoms 
^»f hydrogen of fixed weight combine with a certain number 
B&f ittoms of oxygen of tixed weight, and that these nnm- 
B^rs bear a simple relation to eaeh other ; hence the rela- 
Kion between the number of atoms of hydrogen in the 2 
Kroliimes, and the number of atoms of oxygen in the 1 
Krolumo, must be a simple one, but the facts do not fnr- 
^bisb us with sufficient data to enable us to state what 
Kbis relation is ; without further aid either from new facts 
^Br speculations, we cannot say what the atomic weights 
^nf these elements are. 

H^ Aoogadro's SpfiCM/n/soiis.— The numbers expressing 
^Ebe specific gravities of gases or vapors are those numbers 
fphieh express tlie relative weights of Hke volumes of 
Bfaeae gases or vapoi's. Hence it is but restating, in 
^pnotlior form, the principle above laid down to say that 
UJbB specific gravities of gaseous bodies bear a simple 
HmMqb to tiie atomic weights of these bodies. The foru«tJ| 
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finiinied, would prove of the greatest service in simplify- 

ing the problem of determinins tlie atomic weirrhts— at 

^^■Mt of gnseoua Ijodies. It will be seeu that, if in the 

^^■pve schedule the atomic weights of oxygen, siilphtir, 

^^Bfenium, tellurium, phosphorus, and arsenic be doubled, 

^^fe ratio — for all the elements in the list will bo the 

same constant number, viz., about 14.4. But the atomic 

weights above given have been determined purely empiii- 

eally, and we are aa mucli justified in considering llicso 

numbers doubled tlie true atomic weights, as we are in 

accepting the ones given. If we make this change, tlien 

for the above thirteen elements, the following statement 

would he true: The atomic weights are to each other as 

the specific gravities of the vapors. An examination of 

compound gaseous bodies shttwed further that a simple 

relation also existed between their epecilic gravities and 

the numbers expressing tlie sum of the atomic weights of 

the constituents, these sums being to each other as t!ie 

specific gravities, Avogadro's hypothesis to account for 

^tjiese relations may lie stated in the following words : — 

^HL All gases or vapors, without exception, contain, 

^^H in the same volume, the same number of ultimate 

^^P particles or molnaules. 

^^ *rhe molecules were not considered to be identical with 
the atoms, and it is well here to di'aw the distinction 
hetween the two aa clearly as possible. Molecules of 
compounds, as understood l>y Avogadro, and as under- 
stood at present, arc the theoretically smallest particles 
"f these compounds. The molecule of water is the 
smallest i>article of water that can exist as water. As 
water, however, is composed of two elements, of course 
Die smallest particle of water must necessarily still be 
ilivisihle into these constituents. The component parts 
of molecules are called atoms, and these are indivisible. 
^^^ the case of water, the molecule has the same composi- 
^^Bli^ the mass of the compound, hut, as will he shown, 
^^■b molecule of water consists of two atoms of hydrogen 
^^Bd one atom of oxygen. The atoms are held togetlier 
^n^ clieraism, the molecules by cohesion. 

Now there are good reasons, which will be considered 
below, for believing that, in their internal structure, 
etemgptary attbaKmcea are, in soroe respects, analogous 



to coinpounda, and this lielieT was made a fundamental 
condition of Avngadro's liypotlieeis. Accortling to this, 
it is impossible by purely mechanical meana to subdivide 
an element bo far as to reach its atoms ; but if we euppoao 
it divided as far aa possible by such meana, we reach, aa 
in the case of compounds, the molecule of tlie element, 
which ia Hie smallest particle of the element that can 
exist and play the part of Itio element. This molncule, 
however, usually consists of atoms which are hetit 
together by chemism, and can hence only be separated 
by Bonie means, other than meuhanical, that are known 
to liave the power of overcoming the foree. 

From these considerations we are enabled to give 
definitions of the terms atom and vwlecule: — 

A molecvJe in the smallest partivle of a contpouni 
or etemenl that is capable of ea^iflence in a free 
Half. A bre.aking up of Ihe molecule necfssilateg 
the deslnicHoit of the proptfriies of the compoundf 
and almost always of those of llie element. 

Alomg are the indioisible constiluenin of i 
cttles. They are the xmallest'parlicli'-s of elemenlt 
that can lake part in chemioal re-actionn, and «r«, 
for llie greater pari, incapable of existence in ffu 
free slate, but are always found in combination Viiti 
other atoms, either of the same kind or of different 
kinds. 

And now the justice of the definitions of elements and 
compounds jtiveu above (see pp. 27, 93) will bo recognized, 
viz., an element is a substance made up of atoms of the 
same kind ; a compound ia a substance made up of atoms 
of unlike kind. 

Recognizing thus fully the distinction between atoms 
and moleuules, we are prepared to liii-ther follow tlie 
reasoning of Avogadro. 

The experiments of Gay Lnsaac liad already proved 
that, under the intluence of heat, all gases expand in the 
same proportion for tlie same iuciease of temperature, 
and dimuiished in volume to the same extent for the' 
anme decrease of tempei'ature. Furthei-, Mariotte, in. 
France, and Hoyle, in England, had shown that all gasea 
conducted themselves in the same way under the influ- 
ence of increased or decreased pressure; that for the 
! or decrease of pressure the consequent 
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■ increase of Tolrnne was Tor ttie same volume 
t all gftsea ihe same. Those faets eonsidcred iinle|3en- 
lleiitly would lend to a siispicioii tliat ult gases possess a. 
isimilivr internnl structure, and tlie simplest hypothesis to 
account for this is just Ihe hypotheaia of Avogadro — that 
the same volumes of ail gaseous bodies contain the same 
number of molecules. This subject has heen considered 
exhaustively from a purely physical staiidpoiiit. Tlie 
principles of the mechanical tlieory of gases being ac- 
cepted, it was shown that the hypothesis of Avojjadro 
would logically follow ; and then, by a purely matheraati- 
i:al process of reasoning, it was sliown that the hypotheaia 
ivns au absolute net-essity. A diaeiission of tlie siihjcct 
ill tlie direction indicated cannot here be taken up. For 
those who desire to follow the discussion, and to become 
acquainted with the methods tliat have led to the result 
mentioned, the following references will be of service: 
Kronig, PoggendoriTa Annalen, 91), 316 ; Claiisius, Pogg, 
Ann., 100, 360 ; Naumanii, Annalen der Chemie u. Phar- 
raacie, 1870, Sup[)l. Band 7, 340 ; Pfaundler, Pogg. Ann., 
in, 42ti; Maxwell, ^hil. Mag., 1860, [4] 19, 19; Phil. 
"■" ans., 18B7, 1 ; Phil. Mag., 1868, [4] 35. lf<5 ; Thomsen, 
riehte der deutseh. chem. O^Bellsehart zu Berlin, 1^70, 
Lothar Meyer, ifiirf., 1870, 8fi4| Thomsen, ibid., 
"^ 1870, 954; LotJiar Meyer, ibid., 1871, 38; Mees, ibid., 
1871,272. 

As a. grand result of the investigations that have been 
■ made on the internal structure of gases, it may be stated 
tliat Avogadro's hypothesis has throughout asserted its 
corrcctncsa, and it has at last bei'ome of fnadamental 
importance in the science of chemistry. It is at present 
almost universally accepted by chemists, some, indeed, 
*oiiig so far as to speak of it as a law. 

B^Determination of Molecular Wt:if!hts. — What, llion, 
" we gain by accepting the hypothesis? It is plain 
. t if equal voliimea of all gases contain the same nnm- 
r of molecules, we have a means given ua at once for 
, ^fcrtaining tlie relative weights of these niolecnies. We 
"nftve merely to determine the relative weights of equal 
voUimes of the gases, and the numbers obtained will hear 
I he same relations to each other as the m olecidar weights. 
, Then aeoepting the weight of some molecule as a standi ' 
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and espreBRing t!ie weights of the otbevs in terms or this 
Btaiidartl, the molecular weights are ileterminud. If we 
call the molecular weight of hydrogen 2, for instaDce, 
and find tho relation lietween thJB number nud the Dumber 
expressiiig the apecifiugravity of hydrogen, then We have 
also found the number exprcBsing the relation between 
the molecular weights and siieeiBe gravities of all gas^ 
and vapors, without esceijtion. The apeeilie gravity n[ 
t hydrogen as compared with air is 0.06926, the ratio 
S 
n~npaai= 28.88 ; hence, the specific grayity multiplied by 

28.88 gives the molecular weight. If d ^ specific gravity, 
■"= molecular weight, then the following formula will 
express the relation ; — 

31= dx 28.88. 
Lb the molueide of a body consists of atoms, so the 
molecnlar weight must be the sum of tlie weights of those- 
atoms. In the ease of an element, the atoms being of the 
same kind, the molecular weiglit must l)e a multiple of. 
the atomic weight, Kow we have already seen tliat for 
svery element wo can, by diemical analysis, determiit^ 
some number that must represent either the atomic weighln'^^ 
itself or a multiple of this weight. Hence, we have it in 
our power to determine liy chemical analysis a multiple' 
of tlie molecular weight of an element or a compound. 
This determination can !>e made with greater accuracy 
than that of the specific gravity of a gas or vajior, and , 
it moEt be cniployeil as a control for the determiuatioD 
of molecular weights by Avogadro's rule. If we take 
water, for instance, we find by means of analysis that its 
molecular weight iB either 9 or some simple multiple of 
The specific gravity of water-vapor is 0.6'23, which 
multiplied by 28.88 gives 17.99 as the molecular weight 
Hence, we conelude that 18 is the true molecular weight 
of water. The coincidence of the numbers delermined 
according to the two methods will l)e seen in the ease of 
n few elemeutfl and eompouuds in the following table. 
The numlwrs under Jlf ai-e those found by the analytical 
, method, that one of a series of mrdti|iles being selected 
V.hat agrees most nearly with tho number found according 
ttfi^the rule W = 28.88X d. 
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H ».m. !sp.m.,r-^,' ^.st^x" 1 ir. , 


Hydrogen . . - . 
Hilrogen .... 
Oxygen .... 
SijIpUiir .... 

Chlorine .... 
Cndmium .... 

Phospliorus 

Selenium .... 
MercuL? .... 
Water .... 
Ilydrocliloric ncul 
Sulpliar dioxide 
Ammonia .... 
Phosphorus tricliloride . 
Aracnic tricliloride . 
Boron clilorlde . 

Methyl'dtloridf' '. '. 
Clilorofovni 
Tin cliloride . 
Silicon chloride 

■Unminium chloride 
^Wb tricblnride 


0,08936 
0.9713 

i.iosas 

3.23 

2AS 
3.04 
4.3.1 

15.54 
fl.(18 
S.98 

o.es3 

1.347 
3.347 
0.507 
4.81^ 
fi.30 
3.B42 
0.557 
1.73G 
4.S0 
'S.SO 
5.94 
3.3fl 

9,;JB 

l!.3fl 


a 

SM.OS 
31.93 
64.4 
70.75 
113.78 
135,63 
l.'.O.BO 
104.03 
301. iiS 
17. 9D 
30.11 
84.89 
17.24 
140.83 
181.94 
113.84 
10 08 
50.13 
131.30 
3S5.69 
171.55 
O.i.03 
370.03 
338.94 


38 

33 

64 

71 
113 
134 
160 
158.8 
300 

18 

36.5 

G4 

17 
187.5 
181.. 1 
117.5 

16 

50..! 
119.5 
360 
170 

95.3 
367 
835 


W^ 1 

Number of Alotne in the Molecules of Elements 1 

Altbougli we are tluiB enabled by a 8iuii>le i)rocess to 1 
detenniue the molecular weights of some of the elements, ' 
aD important part of the real problem — the determination 
of the atomic weights — remains yet to be solvud. If we 
could know in each case how many atoms are container! 
iu a molecule, our difficulties would be tit an end, bnt 
tliia we i-laiiily do not know without the introdiie- J 
tion of eoiieiderations of a tliU'erent kind from those ■ 
wilh which we have had to deal as yet. Avogadro ■ 
^^peasoneti as follows, with i-cference to some of the simple 1 

^^£rire(1 to know how many atoms are contained in a 
^H^^ecnle of hydrogen and in El molecule of chlorine. If 
^^Ktl certain volume of hydrogen there are c<mtained say . 
^Hm molecules, then in the same volume of chlorine there ■ 
^^■I'COlltained the same number of molecules. Now it U 1 
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known that 1 volnme of hydrogen combines with I 
liime of clilorine. Two volumes of hydroc-htoric aciti 
gaa are formeii, and, aceordiiig to the liypotfiesia, th<tse 
two volumes in Ihe case luider consideration contain 200 
molecules. But each molecule of hyd rochloric acid muat 
contain at least one atom of hydrogen nnd one Htom of 
chlorine; hence, iu 100 molecules of hydrogen and 100 
molecules of chlorine tlicro must be contained at least 
SOO atoms of chlorine and 300 atoms of hydi'ogen, or s 
molecule of eitliei* hydrogen or chlorine must contain at 
least two atoms of the corresponding element. Further, as 
no simpler compoinid than hjdrochlonc add of hydrogen 
nor of chlorine is known, any conclusions wliidi we may 
drawfl-om a consideration of this compound must be valid 
. for all compounds of these elements. The supposition thai 
two atoms form the molecule of hydrogen and of chlo- 
rine satisSes all the facts known to na, and we hence rest 
with this Bup|x»sition. Aa we take the atomic weight of 
hydrogen as the unit of these weights, its moleculKT 
weight will then necessarily l>e 2, on this basis; anrt fbr 
this reason the number 2 was takvu in the above table as 
the Btaiidar<l of comparison for other molecular weights. 
It must, however, be distinctly borne in mind that no 
pi'oof is here given of tLe alisolute number of atoms 
contained in tlie molecules of h.ydi-ogeu and chlorine. 
We can only say that at Ifaal 8 atoms must ixt present in 
each of the molecules. There may bo a much gi'eater 
number, but the data i>ormit no speculations beyond this 
number 2. 

For all similar cases a similar process of reasoning 
may be employed, and with the same results. Whenever 
1 volume of an elementary gas or vapor combines with 1 
volume of another elementary gaa or vajwr to tbrm S 
volumes of a compound gas or vapor, we are justified in 
concluding that each molecule of these elements contnins 
two atoms. The elements that come under this head an 
hydrogen,' chlorine, bromine, and iodine. 

If we pass to oxygen, we Hud a material dilferenoe in 
the method of combination. Here 2 volumes of hydrogen 
combine with 1 volume of oxygen to form 3 volumee of 
water-vapor. Let us reason as above. If in 1 voluiue 
of oxygen there are contiiined 100 molecules, then in 9 
volumes of hydrogen tliiire are 200 molecules. Xttsae. 
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300 inoleculfis corabine to foiiii 200 moletnles of the 
oortipouml. Now, in the moIcciilG of water, there rawnt 
be contained at least one atom of oxygen ami one 
atum of ii yiirogen ; lience, LUere must be at len^l 300 
atoms of oxygen an<1 200 atoms of hydrogen. But wc 
know that in the original 200 molecules of hyrtrogeri 
there were contained 400 atoms; hence, in each molecule 
of water, there must be 2 atoms of hydrogen. Water is 
the simplest compound of oxygen known to us (i.e., it 
contains the smallest quantity of oxygen in the molecule),, 
and on this account we suppose the molecule of water to 
contain 1 atom of oxygen. If, then, each water molecule 
contains 2 atoms of hydrogen and I atom of oxygen, in 
the 200 moleoules of water there are 200 atoms of osygeii 
and 400 atoms of hydrogen, and these are ohtaineil from 
100 molecules of oxygen and 200 molecules of hydrogen. 
Therefore, each molecule of oxygen, as well as eacli 
molecule of hj'drogen contains 2 atoms. For sniphur 
the same is true, and is proved in a similar manner. 

Another method of reftsoiiing, stiirting from entirely 
different facts, also led Favre and Silbermaon to suggest 
that the molecule of oxygen consists of two atoms. They 
proved that carbort, when burned in protoxide of nitrogen, 
evolves more heat than wlien burned in oxygen. The 
most natural interpretation of this fact consists in adrait- 
' ing that, in each expei-iment, a chemical corahitiation is 
istroyed whilst another is formed; and that the amount 
'i^)f heat actually evolved is the difference between the 
amount of heat disengaged by the union of carbon with 
oxj'gen and the amoimt of heat absorbed by the decom- 
position of the oxide of oxygen in the first instance, and 
of oxide of nitrogen in the second. And, if the thermic 
effect is less with oxygen than with pi-otoxide of nitrogen, 
that is due to the eircnrastanee that oxide of oxygen (the 
molecule of oxygen 0^0) absorbs more heat in decom- 
l>Osing than does the molecule of protoxide of nitrogen. 
One volume of nitrogen combines with 3 volumes of 
'dl'Ogen to form 3 volumes nf ammonia- Hence in the 
lie of ammonia there arc 3 atoms of bj-drugen, and, 
being the simplest compound of nitrog 
■pose that these 3 atoms of hydrogen are combined 
' 1 atom of nitrogen. As each molecule of ammonii 
atom of uitrngeu, and as, further, tli 
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fornKfl twice as many molet^iiles or ammonia aa U 
were molecules or oitrogeii originally, it follows that 
tDolcciile of nitrogen contains at least '2 atoms. 

liy tliie means we are enabled to ilelermine the atomic 
weight of the elements mentioned, for, if in their mole- 
cules 2 atoms are cotilained, we hove only to divide the 
molecninr weiglit — fomul liy Avogadro'a rule, and cor- 
rected liy analytical metliods — liy two. But, accepting 
the atomic weights of hydrogen, chlorine, bromine, 
.Iodine aa known, we are enabled by another process to 
(Jetcmiine the atomic weights of snch elements as com- 
bine with these to form gaseous compoiiuils. 

Take again water. We find by a comparison of the 
compounds of oxygen that the molecule of water, aa 
Btat^l above, contains the smallest quantity of this 
element ; and lienee we snppose this quantity to repre- 
sent 1 atom. We first find tlie molecular wi^ight from the 
6|)eoific graviTy of the vapor. This is 18. We analyse 
the t!onii»ound, and find that it contains 88.89 per ceob 
oxygen and 11.11 per cent, hydrogen, or 8 parts of oxy- 
guii to 1 part of hydrogen. This being the relative pro 
iioi'tioii of the two elements in th<; compound, in IS parts 
by weight, which represent the molectilc, there are con- 
tained 16 parts of oxygen and 2 parts of hydrogen. The 
atomic wuight of oxygen is hence If), and in water one 
atom of oxygen is combined with 2 atoms of hydrogen. 
Jn the case of nitrogen, the application of the same 
principle must also lead to the same number previously 
found, viz., 14. We come to the conclusion that the 
molecule contiiins one atom of nitrogen. The inolecnlaT 
weight of ammonia we find to be IT. The analysis sbovs 
l)a that the elements are combined iu tlic proportion of 
H parts by weight of nitrogen to 3 parts by weight of 
hydrogen. Hence 14 is the atomic weight of nitrogen, 
and the molecule of ammonia contains 1 atom of nitixigeu 
with 3 atoms of hydrogen. 

Molfcvlee of Elementx which contain more or less than 
tva AloniK. — The molecules of the elements considered 
contain each two atoms. This is, however, not true of 
the motecnk's of all elements. 

Among those componmis of phosphorus which may be 
looked ui)on as containing 1 atom of this element in tin 
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molecule is phosphine. The inolecnlftr weigtit of plioa- 
liliiiiu in 34. Tin; dcmfiita are uoulaincd in it in tbo pro- 
|nirtion of 31 parts of plioeplioi-ns to 3 parts of liydrogeii. 
ITence 31 is the atomic weight of phospliorus. Un the 
other htiiid, we Bud the luoleeular weight of phosphorus 
itself to he 134, wiiich shows that at least 4 atoms are 
contaiued iu the molecule. The same is true of arsenic. 

For reasons similar to those given above, the raoleeule 
of mercuric chloride is 8Uppose<l to contain one atom of 
uieronry. The molecular weight of this compound is 
found to he 3T0.5, and the elements are contained in it 
in the proportion of 300 parts of mercury to 11 parts ot 
t-liloriue, which gives 200 as the atomic weight of mer- 
cury; and the atom of this element is combined with 3 
atoms of chlorine. The molecular weight of raeicnry is 
200 ; lunice in the molecule of meruury there is containai 
hut one atom. The. same coincidence of atomic and 
molecular weight ia noticed iu connection with cad- 



• An interpalhig espeiimcnt haa rcrciitly been performei!, the 
rceuhs nf which also flliow IhHt the luolecule of mercury in all 
probnl)ill1y cniiBislsof aaingle atom. The quantity of heat con- 
lained in a g:asis dcflned aslhclnUil energy of its molecules, and 
iLiH energy conwats solely in advancing motion, if lUe molecule 
is lookeii upon as a mere material point. According to this, it 
is a simple matter to calculate the relation between the specific 
heal of n gas at constant volume and the FipcciSc heat at conHiiiut 
pressure. It was found, however, Ibat, in the case of ilic u:nBi'a 
examined, the Iheorelical value of this relation was larger than 
■he value actually obtained by observation. If e ropreaeulH the 
specific heal ut constant volume, and c' the specific heat aC cou- 
Blant pressure, then* ^ft repreaentB Ihe relation above referred 

to. According to the theory, Jt^l.flT, whereas observalion 
'gives k^= 1.40li, In other words, it requires more heat to raise 
llie tcmpcTHtare of a gas, the volume remaining tinchimgecl, than 
the theory dcraauds. The lieat which thus disappears may he 
imnHlbrmed into an inicr-raolccular motion; i.e., ilie uioma 
composing the molecule niiiy have a motion relative to some 
centre of gfavily. Tliia motion would not show itself as teni- 
peratore, If the mnlccnU' "f the gas consists of one alnm, Ihi'n 
the llieorptinnl and oliservrd viiIup of k siiould be identical. The 
examinationof mercury gave for it the value 1.87, which is tliat 
ali'ive i^iv^ii ns ihc result of calculnlion. It is thus showu, by h 
meliioil eijiui'ly iuilcpeudenl of chemistry, Ibiit the molecule of 
mercury coiulitrl^ ilsdf like a material point, and tbiail could 
only be if It ooimiiited of one atom. 
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Varying Number of Atoms in Ihe Mnlecuh of one and 
Ihn name. Elemenl. — The Bpeoiflc gravity of the vapor of 
Biilpliiir wna stated in the above table (p. 39) to be 2.23, 
and this led to the nioleciilar weight 04. Now it has 
been found that the upeoifie gravity of tliifi vapor varies 
nocoi'diiig to the tem[ierature at whith it is (ieterminod. 
The (leterraiuatioiiB wliiuh gave tlie number 2.23 were 
made at temperatures above 800° C, (8fi0° and 1040'J. 
Other determinations, however, made below 800° gave 
different results. At .^34° (Dumas) and 508° (Mitscher- 
lioh) the specific gravity was found to be fi.GS and G,90 
respectively, or three times as great an at the higher 
tempuratures. These latter detenninalions would give 
the molecular weight 1 92, and, if 33 be the atomic weiglit 
of sulphur, tlien in the moleeiile of tlie vapor below 800° 
there would be contained 6 atoms, whereas above 800" 
there are contained only 2 atoms in the molecule. 
Selenium, so similar to sulphur in all other respects 
presents similar plicnomena, though not in so marked 
degree. Here, too, it is noticed that the specific gravity 
of the vapor decreaaea with an increase of temperature, 
or, what, according to Avogadro's hypothesis, ia the 
same thing, the molecular weight decreaaea with an in- 
crease of temperature. 



The application of the method thus described for the 
determination of the molecular weights of elementary 
bodies is limited, as we can convert only a few of these 
bodies iuto the form of vapor. Of mauy elements, how- 
ever, we know compounds that are capable of conversion 
iuto vapor or are themselves gaseous; and, as we 
determine the molecular weights of these compounds, we, 
are in many cases thus enabled to determine the atomic 
weights. The following table* coutains a numljer of 
such compounds, togetlier with tlie densities (rf) ; the pro- 
ducts of the densities into the constant 28.88 (d X 28.88) ; 
the molecular weights as found by analytical methods 
( SI) ; and, finally, the relative quantities of the constitu- 
ents of the compounds contained in the molecules as 
determined by analysis: — 

• " Die moderuen Theorion der Clicmiu," Lutliar Miyer. 



ELKMENTB AND COMPOUNDS. 



Hydrochloric add , 


1.247 


Hydrobromic acid . 




Hytlriodic acid , , 


4.448 


Water 


0.633 


Hydrogen snlphicle 


l.lSl 


Solphurona oside . 


2.347 


Snlphnric oiide . . 


3.01 


Salpbaryl cliloride . 


4.67 


Hydrogen selenide . 





Selenova oxide . , 


4.03 


Hydrogen tellnn'de - 




Ammonia .... 


0.SD7 


Nitric oside . . . 


1.089 


Nitrons oxide . . 


1.530 


PLosphine .... 


1.18 


Pliospborous chloride 


4.88 


PhosphoruB ojichlo- 
ride 


5.40 


chloride 


5.88 




4.60 


Arsine 


3.685 


ArsenouB chloride . 


6.30 



30 


36.6 


1 part hydrogen. 






3.1.-5 psria chlorine. 




80.75 


1 part hydrogen, 
80pftrlsl.roniine. 


128 


128 


1 parilijdmseii. 






127 pai 


E ifithne. 


17.98 


18 


16 ' 


oxygen, 






3 • 


liydrogcn. 


34.4 


34 


83 ' 


sulphur, 






3 ' 


hydrogen. 


64.9 


64 


33 ' 


sulphur, 






33 ' 


oxysPB. 


86.9 


80 


33 ' 


Bolphnr, 






48 ' 


osygen. 


134.8 


135 


33 ' 


sulphur. 






83 ' 


ojtygcn, 






71 ' 


ciilorinc. 




60 


78 ' 








2 ' 


hydrogen. 


116 


no 


78 ' 


aelenium, 
oxygon. 





130 


128 ' 
2 ' 


tellurium, 
hj-droscn. 


17.3 


17 


14 ' 


nilrog.'ii. 


. 




3 ' 


Jiytlrogcn. 


30.0 


30 


14 ' 








16 ' 


oxygen. 


43.9 


44 




nitrogen. 






16 ' 


oxygen. 


34.1 


34 


31 ' 


phosphorus 






3 ' 


hydrogen. 


140.9 


137.5 


31 ' 


pliosplionia 






106.5 " 


chlorine. 


15.5.9 


153.5 


31 ' 


phosphorus 






16 ' 
100.5 ' 


oxvtreii, 
chlorine. 


1G9.7 


169.5 


31 ' 


phosphorus 








sulphur. 






106.5 ' 




132,8 


134 


31 ' 


phos])horus 






16 ' 


oxygen, 






73 ' 








15 ' 


hydrogen. 


77.8 


78 


7.5 ' 
3 ' 


liydrogen. 


181.9 


181.5 


75 ' 


arsenic, 
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Cacod^l chloride 



Cacodyl cyanide 



ArsonouB iodide . . 
AntinionouB chloride 
Triethylstibine . . 



IViftmuthous chloride 
Boric chloride 
Boric fluoride 
Boric ])romide . 
Triinetljylborine 

Marsli-gas . . . 
Methyl fluoride . 



4.56 



Methyl chloride . 



Methyl bromide . 



Methyl iodide 



Chloroform 



Carbon tetrachloride 
Carbon monoxide . 
Carbon dioxide . . 



4.63 



16.1 

7.8 

7.44 



11.35 

3.942 

2.312 

8.78 

1.93 



0.557 
1.180 

1.736 

3.253 

4.883 

4.2 

5.24 

0.968 

1.529 



dX28.S8 


M 


CoDftitneats. 


131.7 


140.5 


75 parts arsenic, 






35.5 * 


' chlorine, 






24 * 


* carbon, 






6 ' 


' hydrogen. 


133.7 


131 


75 ' 


* arsenic, 






14 ' 


* nitrogen. 






36 * 


* carbon. 




. 


6 ' 


' hydrogen. 


464.8 


456 


75 ' 


^ arsenic, 






381 ' 


* iodine. 


224.7 


228.5 


122 ' 


* antimony. 






106.5 * 


' chlorine. 


214.8 


209 


122 ' 


' antimony. 






72 ' 


' carbon, 






15 * 


' hydrogen. 


327.7 


316.5 


210 ' 


' bismuth, 






106.5 ' 


' chlorine. 


113.8 


117.5 


11 * 


' boron, 






106.5 ' 


' chlorine. 


66.8 


68 


11 * 


' boron, 






57 ' 


' fluorine. 


253.5 


251 


11 * 


' boron. 






240 ' 


' bromine. 


55.7 


56 


11 ' 


' boron. 


« 




36 * 


' carbon. 






9 ' 


' hydrogen. 


16.1 


16 


12 * 


' carbon. 






4 ' 


' hydrogen. 


34.3 


34 


12 ' 


' carbon. 






19 * 


'• fluorine. 






3 ' 


' hydrogen. 


50.1 


50.5 


12 ' 


' carbon. 






35.5 ' 


' chlorine. 






3 ' 


* hydrogen. 


93.9 


95 


12 ' 


' carbon. 






80 ' 


' bromine, 






3 ' 


' hydrogen. 


141 


142 


12 ' 


' carbon. 






127 * 


' iodine. 






3 ' 


' hydrogen. 


121.3 


119.5 


12 ' 


' carbon. 






1 ' 


' hydrogen. 






100.5 ' 


' chlorine. 


151.3 


154 


12 ' 


' carbon. 






142 ' 


' chlorine. 


27.90 


28 


12 ' 


' carbon. 






16 ' 


' oxygen. 


44.15 


44 


12 * 


* carbon. 






32 * 


' oxygen. 
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dX28.88 



Carbon oxichloride . 

Carbon oxisulpbide . 

Carbon sulphide . . 
Hydrocyanic acid . 

Cyanogen chloride . 

Cyanic acid . . . 

Methyl alcohol . . 
Methyl nitrate . . 

Silicic fluoride 
Silicic chloride 
Silicic iodide . 
Siliconethyl . 

Titanic chloride 
Zirconic chloride 
Stannic chloride 



3.505 

2.105 

2.645 
0.948 

2.13 

1.50 



1.12 



2.64 



Tinethyl 



3.57 
5.94 
19.1 
5.13 

6.84 
8 15 
9.20 

8.02 



Tintriethyl chloride 



101.2 

60.8 

76.4 
27.4 

61.5 

43.3 



32.3 



76.2 



8.43 



103.0 
171.5 
551.4 
148.1 

197.5 
235.4 
265.7 
231.6 

243.4 



99 
60 

76 

27 

61.5 
43 



32 

77 



104 
170 
536 
144 

192 
232 
260 
234 

240.5 





Cot 


istitnentR. 


12 parts carbon, 


16 


(( 


oxygen, 


71 


»( 


chlorine. 


12 


(( 


carbon, 


16 


(( 


oxygen. 


32 


(( 


sulphur. 


12 


« 


carbon. 


64 


(( 


sulphur. 


12 


»( 


carbon. 


14 


(( 


nitrogen. 


1 


a 


hydrogen. 


12 


(( 


carbon. 


14 


(( 


nitrogen, 


35.5 


(( 


chlorine. 


12 


(( 


carbon, 


14 


a 


nitrogen. 


16 


(( 


oxygen, 


1 


(( 


hydrogen. 


12 


u 


carbon, 


16 


(( 


oxygen, 


4 


(( 


hydrogen. 


12 


u 


carbon. 


14 


(( 


nitrogen. 


3 


(4 


hydrogen, 


48 


H 


oxygen. 


28 


U 


silicon, 


76 


(( 


^fluorine. 


28 


(( 


silicon, 


142 


(( 


chlorine. 


28 


(( 


silicon, 


508 


(( 


iodine. 


28 


a 


silicon, 


96 


u 


carbon. 


20 


(( 


hydrogen. 


no 


(( 


titanium. 


142 


;( 


chlorine. 


90 


u 


zirconium. 


142 


u 


chlorine. . 


118 


fci 


tin. 


142 


(( 


chlorine. 


118 


u 


tin, 


06 


u 


carbon, 


20 


(( 


hydrogen. 


118 


(i 


tin, 


35.5 


u 


chlorine. 


72 


(( 


carbon. 


15 


(( 


hydrogen. 
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4^ 


</»«*» 


M. 




CoAJttitaeBts. 


TintrieUijl brofnick 


'jjn 


d^.4 


2^ 


118 parts 


I tin. 










80 


(• 


bromine. 










73 


4( 


carbon. 










15 


C( 


hydrogen. 


Tintriethyl iodide . 


10.33 


298.2 


290 


118 

127 

36 

9 


cc 


tin, 
iodine, 
carbon, 
hydrogen. 


I^;ad methyl . . . 


9.6 


277.2 


267 


207 

48 
12 




lead, 

carbon, 

hydrogen. 


Zincmcihyl . . . 


3.29 


95.0 


95.2 


65.2 


&& 


zinc. 










24 
6 




carlK)n, 
hydrogen. 


Zinceihyl .... 


4.62 


123 


123.2 


65.2 

48 

10 




zinc, 

carbon, 

hydrogen. 


Mcrcurymcthyl . . 


8.29 


239.4 


230 


200 

24 

6 




mercury, 

carbon, 

hydrogen. 


Mercury ethyl . . 


9.97 


287.8 


258 


200 

48 
10 




mercury, 

carbon, 

hydrogen. 


McTcuric chloride . 


9.8 


283 


271 


200 

71 




mercury, 
chlorine. 


Mercuric bromide . 


12.16 


3.51 


360 


200 


(( 


mercury. 


N 








160 


(( 


bromine. 


Mercuric iodide . . 


16.2 


408 


454 


200 
254 


(( 
(( 


mercury, 
iodine. 


Osmic oxide . . . 


8.9 


257 


203.2 


199.2 
64 


(i 


osmium, 
oxygen. 


(Miromic acichloride 


5.55 


159 


155 


52 
32 
71 




chromium, 

oxygen, 

chlorine. 


Molybdouic chloride 


9.46 


273 


269.5 


92 
177.5 




molybde- 
num, 
chlorine. 


Tun>r«*ten ohlorldo . 


12.7 


360 


.301.5 


184 
177.5 




tungsten, 
chlorine. 


Tuujri>lou hoxaohlo- 


KV2 


382 


307 


184 


(i 


tungsten. 


ri^io 








213 


(i 


chlorine. 


Tuu^c^low oxiohlorido 


11.84 


342 


342 


1S4 

16 

142 


Ci 

4i 


tungsten, 

oxygen, 

chiorine. 


W'^n^^dio totrj^ohlorido 


(V69 


193 


196.3 


51.3 
142 


44 


THuadium, 
chlorine. 


\ AW^-^dio Aoiohlorido 


iV 1 1 


176 


173,8 


5K3 

16 

106, r> 




vanadium, 

oxvfiren, 

chionne. 




NioLic cliloride . . 

Niobic acicliloriile . 

Tunlalie cbloride . 

Alumiiiic chloride . 

Alumiiiic tiromido . 

Aluminic iodide . . 
Ferric cliloride 



217.5 



373.5 BS purls nioljiiim, 
177,5 " clilorine. 
iiinliium, 
onyften, 
lOfl.O " chlorine. 
182 >> tHntnlum, 
177.B " clilorine. 



0.85 370 367.6 



r>4.0 '■ 



ainiui 



' clilorine. 
n+.6 " ttluiniiiiuic 

780 810,0 1 54.B " aluminiiin 



chlorine. 



TliH Iiftt contains compounds of tliirty different clc- 
luantH and, by nieans ol tliese compoiindB, aupposlog 
that tliej contitin at Uast one of iheir dements in the 
emallpst possible qtmiitit\, we can determine the atomiu 
weights ot tlie eleraenta concerned. It will he seen, liiiw- 
cver, that, whereas the hypothesis of Avogadro fiirnislies 
lis with a principle whieh enables ns to statu posilivdy 
what the molecular weight of any gaseous compound is, 
it does not funiiah a means for the determination of 
iitomic weights directly. After examining the various 
I'omponuds of an element, we select that one which con- 
tains the smallest quantity of the element in the inole- 
fiile, and then, without proof of any kind, we say this 
smallest quantity represents the atom. Thus it is evident 
that the atomic weights, as determined bj this method, 
rest upon a more or less doubtful basis. For practical 
purposes, however, this is not a serious matter ; inasmiK^h 
as, although we cannot assert that the weight finind 
really represents the atomic weight, we can assert that 
it represents the weight of that portion of the clement 
which conducts itself as an atom, *".«., throughout the 
whole series of changes which it undergoes in its com- 
^ jwunds it is indivisible. 

, Other Proofs of the Fact Chat the Molfcuhs of Ele- 
WNfO^ mufiti Umh one Atom. — It lias been stated' 
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tilmve thflt the mnleciilcs of eletnonts contain, in almost^ 
onses, more tban one atom; and it lias been shown 
tbat, if the hj'potliesis of Avogadra be accepted, we ara 
necessarily led to this coucluaion by a simple coasidcra* 
tiou of the molecular weigbta of elements and their i 
pounds. The question naturally ai'iaea : Ai-e there other 
evidenuea, independent of Avogailro's hypothesis, of the 
fact that the molecules of elements consist of more thao 
one atom ? There are. 

A number of the elements, as wo ordinarily meet 
them in the free state, conduct themselves as compamA- 
lively ueuti'al bodies. Take, for instance, iiydrogen. As 
a gas, this element poeseaaea very little affinity for most 
other elements anil compounds. We may hring it I 
immediate contact witli most substances without efiecting 
any change whatever in these substances. If, bowi 
we set it free from one of its compounds, and, at tha 
moment it is set free, allow it to nut upon some other 
body, we find that it ia a comparatively active element^ 
eapable of effecting very material changes in other aiib-. 
stances. The same is true of osygen, nitrogen, and other 
elements. Tliey are much more active in the alalUH 
vaxcendi than in the free state. TIow shall we explaia 
this? This can be done most readily bj" supposing tiia 
molecules of these elements, in the free state, lo contain 
more than one atom hound together by chemism. Hotly 
if it he required that an element thus constituted shall. 
combine with another body, it is first necessary that ^»> 
force which holds togethor tlie atoms be overcome; tk 
atoms must be torn asunder befoi'e they can act t 
atoms; or, in other woi-ds, a decomposition must be^ 
efftctcd before the i-eqnired combination can take place. 

Sometimes the attraction exerted by an atom of 'ons- 
etement for an atom of another is so strung that thil> 
decomposition is effected, and the combination then takes 
place. Thus, if we bring hydrogen and chlorine together, 
both in the free state, they combine. In ihia ease, the 
chloiine atom attracts the hydrogen otom more strongly 
than the liyilrogen atom attracts its fellow, or the uhio- 
vine atom its own chlorine atom. On the other liaildf 
numerous iustjinccs of the opposite bind might be ad- 
duced. Oue will suffice for the jiurpose of illustration. 
When hydrogen gas is passed through nitric aoitl'4 



p 



GASEOUS EI.RMENTS ANO COMrOUM>8. i> I 

pliaiige lakes plapc. Rut, if we dissolvp ziiiu in nit.iJc 
acid, ft (lortioii of the ncid is ditcomposeil hy tlie hyilrogtn 
evolved. The hydrogen atoms, set free (Vom the uiti-ic 
acid, flnd llie acid present, and act upon it in preferetife 
to oombining to fonii free hydrogen; the elements in 
combination with nitrogen are forcilily removed and the 
hydrogen takes thdr place, forming ammoniit, 

Orilinary osygen contains two atoms in the nioleonle. 
Ozone, another varietj' of oxygen, has the density l..fi58, 
from whioii we flnd its molecidar weight = 48. Now as 
llie atomic weight of oxygen, according to previona de- 
le rm in nli on s, 19 IG, it follows that the molecnle of ozone 
contains three atoms. Tlie difference between the two 
forms of oxygen is thus readily seen. Ozone ia com- 
paratively nustablc. It gives np its extra atom witli 
great ease to bodies with which it eomes in contact, and 
causes thus an energetic oxidation. When heated up to 
.300°, it is also decomposed, forming ordinary osygen, 
nnd Ihen an increase of volume is observed. In this 
case, if no foreign body be present with which the libe- 
rated atom can unite, it unites with another atom of tlie 
same kind. When it acts upon oilier bodies, the original 
volume of the gas remains unchanged. It would ihon 
appear that, in the molecnle of ozone, two of the atoms 
are held together by a stronger force than that which 
binds the third -characterizing atom ; or, rather, that the 
two atoms of the molecule of ordinary osygen are held 
together more firmly than the three atoms in the mole- 
«aie of ozone. Here then again the different actions of 
I two varieties can be best explained by supposing in 
lit case tlie molecule to consist of more than one atom. 
These and other similar considerations serve to 
strengthen the conclusion whicli was logically deduced 
Avogadro's hypothesis, and hence, in turn, to iii- 
I the probability that the hypothesis is the expres- 
if a natural law. 

»Jfi>{eruIat* Formulas of Oaseous Compoiiui^s.— When 

atomic weights of the elements are once determined, 

e rnlc of Avogadro, taken in conjunction with analysis, 

iufflcient to enable us to establish the moleculai 

mnlas of gaseous chemical compounds; a problem, the 

" " <rf whiuh yithout this rule is in many cases 



^H^e aiomtc weignis ot lue elements are once neiermmeo, i 

^^^le rule of Avogadro, taken in conjunction with analysis, J 

.'« J 



I 

Ltol 
Evi 
chl 
abo 
in.- 
we 
Ihii 
tol 
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cxcePilingly (lifHciilt, and, indpcl, st times impossihie. 
Let lis siipiioae llic atomic weiglits of tai'bon ( 13), hydro- 
gen (I), and oxygen (16) to be known. We aiialyze a 
certniu compound, and find that it contains 37.50 |jer cent, 
carbon, 12.50 pur cent, hydrogen, and 50.00 jwr cent. 
oxygen. This gives the atomic proportion 1 of carbon, 
4 of liytlrogen, and 1 of oxygen ; and hence the simplest 
formula we can assign to ihe compound is CH|0. But 
tiiere is nothing thus far to prevent our acceptance of 
one of the foimulaa C.H^O^or C,H„0„ etc., all of which 
satisfy the results of the analysis. We now delennine 
the molecular weight by Avogadro's rule, and find it 
be 32 ; and, as the sum of the weights of the atoms ii 
molecule of a compound of the formula Cli,0 is 33, we 
recognize this latter as the correct formula. 

Apparent ExvepHong. — All formnlas of chemical com- 
)K>nnil3 at present employed are iiiteude^i to re£ireaent 
molecules of the compounds. They are molecular for- 
mulas. They repi-eaent those amounts of the bo(Kea 
which, in a gaaeoua condition, would occupy the aame 
space aa a molecule of Jiydrogen. If we take two 
volumes of hydrogen as the standard of comparison, 
then the formulas of coroponnds represent two volumes 
of the same size. To this there are apparent e^tceptions. 
When ammonia acts U|)On hydrochloric acid, the two 
gases combine in the proix>rtion of I vol, of the one to 
1 vol. of the other, forming a solid compound which coa- 
tains Sn.lT per cent, uiti-ugcn, T.48 per cent, hydrogen, 
and fiS.35 per cent chloriue. This gives the atomic pro- 
[tortion 1 niti'ogen, 4 hydrogen, and I chlorine; and tha 
simpleat formula we can assign to thecom|ionnd. provided 
the atomic weights of nitrogen, hydrogen, and chlorine are 
n;8iiecti\-ely 14, l,aud 35.5,18 NII,CI. On now determin- 
ing tlir molcenlar weight by Avogadro's rule, this is found 
to bo 26.15, or half of tiiat requii-ed by the above formula. 
Evidently, it is impossible for a molecule made up of. 
chlorine, iiilrogen, and hydnuie'U, with the atomic wetglttA 
above assigned to tliem, to have as sntall a weight aa 
21.75; ami, to satisfy the residts of this deU-rmination, 
luld i>o obliged to write the formula X( H.Cli , and 
Ihns H(?ev|it the existence of half-atoms, which, according 
to Uic ilctiuitiuu of rUhus, is im|>osBible. We might 
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lilt atomio weiglit of nitrogen hiuI chlorine, as 
iilj' (lettrmincil, to be just twice tort great; for, if we 
M&ign to niti'ugen the atomiu weight 1, anil to cliloi'inc 
n.7, we could write the formula of the eoiniioiind NH,(.:i, 
and this Gompounii would have the inoleeiilur weight 
26.7, as determined by Avogadro'a method. On the 
other hand, if T is the atomic weight of nitrogen, and 
17.7 that of chlorine, then in all olher compounds of 
nitrogen or chlorine, in which one atom has been snij- 
Ijosed to exist in the moleenle, we mnst necessarily 
accept the existence of two atoms in the luolecnie. lint 
then all these compounds wonld not come under Avoga- 
dro's rule. Hence we see that the compound NH.CI 
apjiears to be an exception, ami, if no satisfactory expla- 
nation can be fonnd to account for this case, it>! existence 
is fatal to. the rnle. A Hntisfactoiy explanation can be 
offered, however, as follows. 

If it can be proved that tlio vapor obtained from the 

id NIIjC'l is not the vapor of this compound, liut 

ilstiire of the vapors of its couatituenta N H, and 

ICl, the case Ijecomoa a very simple one. Withont 
entering into details, it may be mentioned that the results 
of the experiments made upon thia subject have jiistiSetl 
the assumption that, wlien the compound NH^Cl is heated 
up lo a temperature sufHcientlj high to eanso its conver- 
sion into vapor, it becomes resolved into its constituents 
NH, and HOI; and that, when thia mixture of two vat>orH 
is again uooled down, the two again unite to form the 
original compound. 

As NHj and HCI combine volilme to volume, so the 
mixture of the two gaaes, obtained by heating Nil, CI, 
consists of equal volumes of the two; and the specific 
gravity of this mixed vapor would be tlie mean of the 
S|>eeifio gra\'ities of its constituents. The apeeilic gravilv 
ofNU, is 0.597, that of HCI is 1.^47; the specificgravity 

of the two would be ^'^1+1^ = 0M2; 
2 

A thia specifie gi'avitj-, if supposed to lie that of a cbe- 
ai oompound, would lead to the molecular weight 2(j.O. 
i number 0.923 is, indeed, that found aa the specific 
y of the vapor of NH,OI, and it will thus be seen 
he fact can be satisfactorily explained wi ' 
5» 
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giving up our bdicf in tlio correctncaa ol' Avogadro'a 
liy pot lies Is. 

The c-DiDpouDil PCl^ was also, at one time, supjjoaed to 
form «c exception to the rule. Tbe speeific gravity ol' 
its vapor wns found to be 3.66, ■Ironi whicli was calculated 
the moleciilftr weight 105-7, half that required by the 
formula PCI^. It lias been shown, however, that allove a 
certain temperatnre tlie molecule of PClj breaks up into 
a molecule of PC1„ and a molecule of CI^. The vapor 
from PCI, is a mixture of two vapors, and the mean spe- 
cific gravity of tlio two is tlie specific gravity found. The 
specific gravity of the vapor of PCl^ is 4.88 ; that of CI 
is 2.45 ; mean specific gravity *-1i±Ji^ =, 3.666. In 

this case it has further been shown th.it the breaking up 
of the molecule talies place gradually; for the specific 
gravity of the vapor decreases from 5.08 to 3.66, as the 
temperature is elevated from 183'^ to 300°, at which latter 
temperatnre the decomposition appears to be complete, 
no further decrease in specific gravity being noticed when 
the vapor ia heated still higher. 

It has furtlier, recently, been shown that when the spe- 
cific gravity of the vapor of PCl^ ia determiuetl in the 
l)re8ence of PjCl,, its dissociation is prevented, and the 
s|>ecifiG gravity found is that which theory requires for a 
compound of the formula PCI,. The mean result uf seven 
detfirminationa was l.aSB, whereas, the theory requires 
T.Sn. From this it is evident that the hypothesis of 
Avogadro ia as valid for the compound PClj as for other 
compounds. 

A third example of thia kind of decomposition by in- 
crease of temperature ia met with in the case of the coni- 
pound NO,. This body, at a low temperatnre, consista 
of colorless crystals. At a slightly elevated temperature 
these crystals ehanse to a yellow liquid. The liquid boils 
at 20-30'', and ia then converted into a gas of a rcMldish- 
Israwn color, and, na the temperature of the gas increases, 
the intensity of the color alao increases. The specific 
gravity of the gas decreases with this elevation of tem- 
perature; hence, it is supposed that the body, at a low- 
temperature, must be represented by the formula N^0„ 
but tliat the molecule is broken up by an increase of tem- 
perature, forming two molecules of HO.^. The latter ia 
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strongly colored, and the more of it there is prt'sont in tlie 
Tuixtiire, the more iuteiise will be the color of the gas. 

Among chemical coropouniia there are veiy few indeed 
that conduct themselvea in the nmniier of the three juet 
dtiscrilied. As regards some of these, good proof can 
lie given of the fact that their molecides are broken up 
l>y the conversion into vapor, and hence, the apparently 
abnormal specillc gravities observed for these vajiors finil 
a simple explanation. As regards others, although posi- 
tive proof to the same effect may indeed be lacking as 
yet, still strong indications are presented that the ahnor- 
naul densities may be referred to the same orniee. So thai, 
up to the present, not only is no fact known that sjieaks 
strongly against Avogadro's hj-pothesis, hut, on thu con- 
trary, new developments, increased knowledge are con- 
stantly tending to strengthen it. It foi-ms, to-day, hy far 
the most reliable means forthedetei'mination of molecular 
weights of componnds and elements; and we have seen^ 
how, secondarily, it aids us in determining atomic weights. 
But, in oi'der that it may be useful, it is necessary that 
the compound which we desire to study shall be capable 
of converHion into vapor, or, if it be an element under 
consideration, that at least one of the compounds of this 
element he gaseous or volatile. Only a comparatively 
small number of compounds satisfy these conditions, and 
of the 64 elements, only 30 (see List, pp. 45-i9) enter 
iiitu the composition of these compounds. With no other 
means, then, at our command, the work would lie incom- 
plete. Jt is necessary that some other method should lie 
intro<Uiced which shall be applicable to those elements not 
covered by Avogadro's rule, i. c, those elements which 
arc tliemaelves incapable of conversion into vapor, and 
tiWh ich do not enter into the composition of gaseous or 
atile compounds. 




iir. 

EXAMINATION OF SOLID ELKMEXTS AND 
COMPOUNDS. 

Specific Heal. — It has beeu noticed tliat, wlieu equal 
weights of (iitferent aubetaiices are exiioaefl to tlie heat 
from the same source, they Trill have iliffereiit tempera- 
tures at the end of tlie same period of time. From this 
we conclude that, to r.-iiae equal weights of different aub- 
etaucea through the same number of degrees of teinj>era- 
ture, different quantities of heat are necessary. Given 
exactly the same heating power, it takes about 33 times 
as long to raise the temperature of a pound of water ten, 
twenty, or thirty degrees, as it takes to raise the tempe- 
rature of a pound of mercury the same number of degrees ; 
or it takes 32 limeH an mudi heat to i-aise the temperature 
of a. pound of water ten, twenty, or thirty degrees oB it 
takes to raise the temperature of the pound of mercary 
the same number of degrees. The quantity of heat re- 
quired to raise the temjierature of a given weight of any 
substance a given number of degrees, as compared with 
the quantity of heat required to raise the temperature 
of the same weifrlit of water the same number of degrees, 
is called the specific heat of the substance. The quantity 
of heat required to raise the temperature of a pound of 
water one degree Centigrade, may be convenientlj' adopted 
08 the thermal unit. We then speak of the speciflc heat 
of water as ^ 1 ; and the epeciflc heat-of any other body 
is the relative quantity of heat necessary to raise tlie 
temperature of a poimd of this body one degree Centi- 
grade, taking the above thermal unit as the standard.. 
The 8[>ee]fic heat of mercury, according to the results of 
the espeiiment mentioned, is 0. 03332; that of gold is 
found to he 0.03244, etc. etc. The mciniing of these 
■11 be readily se*.-ii. 
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Jitlationg hHwue.n SpeHfic Heat and Alomic Weight. — 
Now, when the soHil ulumentB are examined with reference 
to thfir Hpecifiu beats, a, very simple relation is found b) 
exist between the nnmlters expressing the sjKciGc bents 
and the atomic weights. Tbis rclation will he made clear 
by a coDsideration of a few cases actually examined : — 

KlBiBsnt. Hpecia.: hBit, i lomlo weight. 

Bilver 0.0.^70 108 

Zinc 0.01155 65.3 

Cadmium .... 0,0,107 113 

t'oppLT 0.0052 (53.4 

Tiu 0.0503 118 

It will be seen by an examination of this table that the 
atomic weights are inversely proitortioufll to the specific 
heats, W'e have — 

108: fi5.2: : 0.0965:0.0570; 

112: 63.4 :: 0.0952: 0.0561; 

108 : 118 : : 0.0562 : 0.0510, etc. etc. 

These proportions are only approximately correct; 

IjHt it ran^t l>e rememlwred that the means for the 

determination of atomic weights are capable of ninch 

greater refinement than those employed for the iletemii- 

natiun of specilic heats. There is much greater liability 

of error in the latter determinations than jn the former. 

Hence snch slight variations from absolute flgrecment in 

these propoilions can occnsion no surprise. The iigrue- 

Dient is aiifflciently close to indicate a decided .inil iin- 

donbtetl connection between Clie two sets of nnmlicrs. 

This eoiinec^tiou may be stated in another way: The 

prodnct of the atomic weight into the specific heat is a 

ConstaDt quantity for the elements examined. Thns iu 

^ Uk above cases: — 

^^ 108 X 0.067 =e,15 

^m 05.2x0.095^1 =0.^2 

■. 113 x0.0507 = 0.3S 

^B 6.<t.4 X 0.0».'>S=a6.03 

^B 118 X 0.0503 = 0.63 

^^r'For the same weights, then, the quantities of heat 
^nifeeaBftry to elevate the teiuperatni-e of tiJe elements one 
flegree vary. The quantity necessary to elevate the 
temperatnre of an atom one degree would, of course, l>e 
represented by the variable quantity multiplied by the 
■t,omic weight; and this product, in the cases cited, wa 
find to be represented l)y a constant. 



In vexligntionn of Dulonrj and Pelil. — In the year 1 819 at- 
tention wns first called to the above relation hy Diiloiigand 
Petit ; and, having esmnined a lai^e niiniber oT elcmente, 
they felt justified in propounding the law: The atoms of 
all elementary bodies kaoe exavtty the same capacity far 
heal. This ia simply a generalization from the facts 
9tate<l, and is anotliei* way of stating that, to raise the 
temperature of atoms one degree, the same quantity of 
heat is alwaj-s necessary. 

If the law propounded is in reality a law, it will be 
readily seen that a uew means is given for the dctern ' 
tioii of the atomic weights of elements of wliich we 
know the specific lieat. If we assume that the constant 
number obtaineil by multiplying the specific heats by the 
atomic weights is 6,25, which is about the ai'enige of the 
ditl'erent values found, then it is plain that, if we divide 
this nnmher by the siiecific heat of an element, we shall 
obtain a number which approximately represents the 
atomic weight. If we call tiic atomic wcip:ht A, and the 
specific heat ff, the following formula will express the 
relation ; — 

H 
In nrtler that this might liold good for all the elements 
investigated by Diilong and Petit, tUcy found it noceasary 
to diange the atomic weights of four of the metals ; joA, 
as it had been necessary to change certain of the atoimft 
weights in order that Avogadro's hypothesis might boM 
good in all cases. But, as these atomic weights hud 
been determined purely empirically, and thus re 
upon a questionable basis, there could be no serious 
objection to the change. Notwithstaudiug the simplicity 
of the. law, its validity was not, liowever, immediately 
acknowledged. 

Investigoliovs of Neumann and RegnauU. — Twelve 
yens later (1831), Neumann publi8he<l invcstigntioiis ( 
the specific heat of chemical compounds, and showed', 
that, for bodies of similar composition, the specific heat% 
are inversely proportional to the molecular weights CX 
the compounds; or the molecules of different compoandft 
Lave equal capacity for heat ; i. e., for bodies of similar 
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rompoeitioi], tlie product of llie molecular weight (M) 
iulo the specific heal (//■) is ji constant quantity. For 
example, the specific heat of lernl iodide is 0.042T ; tliat 
of lend lirotnide is 0.0533; tliat of lead cliloride is 0.U66I; 
the molTOiiLir weights of these componuda are respec- 
tively 401, 3CT, aud 218, The products K X fl" are as 

cadiodide . . 4B1 X 0.ft427 = 10.G8 
= is.m 

Further, the specific heat of hariura chloride is 0.0!)03; 
that of strontium chloride is 0.1l!)9; that of calcium 
chloride is 0.1642. The uiolecular weights of theae 
'Compounds are respectively 208, 15S.5, and 111, The 
■^ iduola Jlf X H&ve— 



For lead iodide 


. 4B1 X 0.0427 




. 3(17 X 0.0533 


chloride . 


. 378 X 0.0804 








. 208 X 0-0002 = 18.76 




158.3x0.111)0 = 111.00 


" cnlciaui chloride 


. Ill x0.184a = 18.33 



Subsequently, similar investigations were carried out 
in conuectioD with a larger number of compounds, and it 
is particularly to the labors of Regnault (1840) that the 
developDieiit of this branch of the suliject is due. The 
result attained may lie stated concisely thus: The de- 
wi«n(M posJtess egseitlially the name specific heal wkelher 
fhcy exitl in a free. lUaCe or are in oonibinalion. 

To show how this conclusion may be deduced fi-om 
kiiown facte, let us take again the case of lead iodide. 
Lead has the specific heat 0,0307, iodine 0.0541. Multi- 
plying by the atomic weights, we have 0.030T X 207 = 
C.35; aiid 0.0541 X 12T = fi.8T; but, as can be deter- 
mined, ihei-e ai-e two atoms of iodine in the molecule of 
lead iodide, hence the atomic \\eAt 6.8Tmust be multiplied 
liy 3, which gives 13.74. To raise the constitucots of 
lead iodide one degree id temperature would theu require 
an amount of heat represented by the number 6.35 + 
13.74^20.09, and we have found that the amount of 
heat necessary to raise lead iodide as a compound one 
degree in temperature is 19.68. As these results muy be 

iked upon as coincident, it follows that the specific 
r the elements in this case is tlie same whether the 
its be in combination or in the free state. 
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D(!lermination\f Atomic Weights by a Study of /hn 
Specific Hf.at of ComjJOHHrfs.— Adopting tlie principle , 
involved in tlie above reumrks, we see tliat a study of tlio 
specific lieat of compound bodies may aid us in the 
determination of atomic weiglita; fur we may ascertain 
the specific heat of an element even where this cannot lie 
detennined directly. It is difticnlt, for instance, to. 
ascertain the specific heat of gaseous elements directly,: 
and yet, as lliese elements form solid compoi 
specific heat of these latter may be determined, and thus,., 
indirectly, that of the gaseous elemeuts. 

To illustrate l)y an example, let us consider the case of 
ohloriue. Suppose it be required to determine tlie atomic 
weight of this element by means of specific heat deter- 
minations. We cannot determine the specific heat of thej 
element directly. It forms com|X)unds, however, wi^- 
other elements, the specific heats and atomic weigbta o 
which may he determined. It comljines with lead. Tbe 
specific heat of lead is found to be 0.030T, which, accord- 
ing to the law of Dulong and Petit, gives the atomic 
weight 20T. Now, in lead chloride, we find that 207' 
parts by weiglit of lead are combined with 71 parts by' 
weight of ehloiine; or, with one atom of lead, there ia. 
comliined sn amount of chlorine weighing 11 times as 
much as an atom of hydrogen. But we do not know hoir! 
many atoms of chlorine this weight repreaeuts. It cannot' 
be less thiin I, but it may be 3, 3, 4, or more atoms, aa 
far as wo know. We determine the specific heat of lead 
^_ chloride, and find it to be 0.061)4. We have assumed 

^L that the molecular heat of a compound (i. e., the prmlaei 

^H of the molecular wei<!:ht into tlie specific heat) is equal t 
^H the sum of the atomic lieatH (i. c, the product of atomic 
^1 weight into the specific beat) of tlic atoms contained in 
^1 the compound', or — 

H MX 11= AXB-\-A'XH'^A"-A E". 

H But as the products A%.n, A'Y^ B', A" X H" have 

^H been shown to Ite coustant and equal to about 6.25, ' 
^H may simplify this equation as follows :- 
H J»fX/r=n6,25i 

^^L dcte 



and from this equation, M and Zf being known, we caitl 
determine the value of «, or thu number of atoms oon^ ' 
tained in the molecule. 
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■III the case uiiiier conaidei-alioo v 



We tbe.n concltiHe that in the moIecuSe (278 parts) 
of lend cljloride tbere are contained three fttome. But, 
we know that there is one atom of lead ; lienee, tliere 
iiiHst be two atoms of chlorine ; and, as two atoms weigh 
71, the atomic weight of chlorine is 35 5, the same as 
that found by menns of Avogadro'e method. 

4'urther, we have other compounds in each of which 
VI parts of chlorine are combined with a certain quantity 
of another element, and the molecular heat of which is 
the eame as that of lead chloride. From the latter fact 
we conclude that there are also three atoms contained in 
the molecules of tliese compounds, and hence, that quan- 
tity of an element which, in these compounds, ia com- 
bined with 71 parts of chlorine, represents the atomic 
weight. Thus, we have for the molecular heat of barium, 
strontium, and calcium chlorides I8.7fi, 19.00 and 18.22, 
respectively, numbers whicli may be considered the same 
as 18.4G, the molecular heat of lead chloride; and in 
these compounds there ai-e 137 parts barium, 87.5 parts 
strontium, and 40 parts calcium, combined with 71 parts 
chlorine. We hence conclude that 137, 87.5 and 40 are 
respectively the atomic weights of barium, strontium, and 
calcium, although direct detenni nations of the specific 
heat have been made in only two of these cases. 

Of course, just as we have thus indirectly determined 
the atomic weights of certain elements^ we can also de- 
termine the unknown speciBe heats of tliose same ele- 
nkents by a slight variation of the process. Take lead 
chloride. The molecular heat of this compound is 18.46 ; 
the atomic heat of lead is 6.35 ; hence,, we have 18.46 — 
6-35 := 12.11, for twice the atomic heat of chlorine, 
there being two atoms of chlorine contained in the 
compound. This gives the atomic heat — '- — ^= 6.0C for 
■ chlorine; and dividing by the atomic weight, wo obtain 
= 0.1707, which, accordingly, would represent the 
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Specific heat of diioriiie, if the gases were siihjeot to pre- 


cisely the same law aa soli.ls. 




ol' a number of the elements huve l>ecii dote I'm inetl, and. 


in many cases, the resuH'^ obtained have l>een considered - 


decisive. 


The following tables (I.) of elements, and (II.) of com- 


pounds, contain the numbers actnnlly obtained and the 


reanlts deduced from them. The nnmbera uuiler H are 


tliose representing the specific heats of tjie elements; 


those under A ai'e the atomic weights as determined by 


analytical methods, aided by tbe rule of Avogadi-o; or 


that of Dulong and Petit; finally, in the last column, is 


the product of the atomic weight into the corresponding 


specific beat AX H, caUe<l, for eouvenieuce sake, the 


atomic heat. 


\ M \ A. \ AXH. 


Lilliiura 


0,941 : 7 


6.6 


Sodium 


0,21)3 , S3 


6.7 


MagneBiiim .... 


0-350 


34 


6.0 


Aluminium .... 


0.214 


37.4 


6.9 


Silicon 


0.173 


as 


48 


PhosphoniB .... 


0.174 


31 


S.4 


Sulphur 1 0.178 33 


8.7 


PotasBium .... 0.1(16 i 3B 


6.5 


Calcium .... 0.170 1 40 


6.8 


Clironiium . . . . ' 0.100 ! 53 


(1.3 


Manganese . . . i 123 


55 


a.7 


H Ii'on 


0.114 


56 


6.4 


K Cobalt 


0.107 


59 


6.3 


■ :Nickel 


0.109 


511 


6.4 


■ Copiier 


0.0953 


68.4 


6.0 


■ Ziac 


0.0955 


65.3 


6.3 


^m Arsenic 


0.0814 


75 


6.1 


^M Selenium .... 


0.0748 


7B.4 


3,0 


■ Bromine (solid) 


0843 


80 


6.7 


■ Molybdenum .... 


0723 


93 


6.6 


■ Ruthenium .... 


0.0611 


104.4 


6.4 


^H Bhodium .... 


0.0580 


104.4 


6.1 




0.0593 


100.6 


6.3 


■ Silver 


0,0570 


10» 


6.3 


^B Cadmium .... 


0.0567 


113 


6.4 , 


^^L IiKlium 


0.0570 


113.4 


6.5 


^^ 


0.05r.3 


119 


6.ft 1 


^^1 Antimony .... 


0,0508 


123 


6.3 ■ 


^B^ Iodine 1 0.0541 1 137 


iJ 



^^^ 



AND COMPODNUH 





0.0474 


138 


6.1 


TuTigslen .... 


0.0334 


184 


6.1 


Gold 


0834 


197 


e.4 


PJatiuuiu .... 


0.0324 


197.4 


6.4 


Iridium 


O.0aJ8 


IDS 


6.R 




0.0311 


190.3 


8.3 


Mercury .... 


0.0317 


800 


0,3 


Thallium .... 




204 


6.8 


Lead 


0.0307 


307 


6.4 


Bismutti .... 


0.0308 


310 


0.5 



The folloiving are some of the compoiinda wliich have 
been employed for the purpose of determining the atomic 
weigbts of elements. The nnrnliers under H are those 
representing the siwcific heats of the compounds ; tliose 
under M are the molecular weights ; the products MY. H 
are the Bo-cftllcd molecular heats; ?i represents the number 
of atoms in the molecule uf the compound. 



«. 


M. 


MX't 




^_?- 


CoAs, .... 


o.ooao 


SOS) 


19.3 


3 


G.4 


Ag,S. 








0.0740 


248 


18.S 


8 


6.3 










0,1313 




19.3 




6,4 


HgS. 








0.05a 


ass 


12.1 


3 


6.1 










0.1381 


01 


11.8 


» 


5.8 










0.0-i8 


388 








8nS . 








0.0837 


150 


13. S 


•^ 


6.3 


SnS,. 








0.1103 




21.7 


it 


7.3 


AgCl 








0.0911 


143.G 


13.1 


3 


6.6 


CuCl 








0.1383 


98.9 


13.7 


VI 


6.9 


KCl . 








0.1780 






•A 




LiCl . 








0.3831 


43.5 


18,0 


a 


6 


NaCl 








0.3140 


58.5 


13.5 


H 


Q.3 










0.089G 










CaCl, 








0.1643 


111 


18.3 


8 


61 


SrCl, 








0.1199 


158.5 


19.0 


3 


6.3 


HgCl, 








0.0680 


371 


18.7 


a 


6.3 


MiCi 








0,1046 




18.5 


3 


6.3 


MnCI, 








0.U35 


136 


18.0 


3 


6.0 


PbcC 








0.0664 


278 


18.5 


3 


8.3 



plione to the Law of Dulong and Petit. — On t 
g ibese tables, w« are struck by the fact that Ui^^ 
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My:. 3 , 



protluct, AXH, ill tlic first, and tUe quotieut, 

the second — although assumed to be constant in Talne — J 
show a verj' coneiiderabte variation from the mean vnluef I 
6.25. For a large number of these cases, we are justified I 
in concluding that the variation is due to the errors of 1 
obsen-ation in consequence of the imperfoctions of the 
methods enipiojed for tlie determination of speciSc heat. 
Indeed, in all the caiea citetl in the alKJvc tables, the vari- 
ations are hai'dly great enough to lead ps to suspect the 
incorrectness of the law of Dulong and Petit. If, how- 
ever, we consider the elements carbon, boron, and silicon, 
we shall find that entirely different results are reached, 
and we are c-ompeiled to admit that, for these elements at 
least, the law does not ajtpear to hold good. This will 
be best seen by means of the following talile, in which S 
is the specific heat ; t, the temperature at which the deter- 
mination was nuide ; A, the atomic weight ; and ^ X ^, J 
the atomic heat. As these three elements form the most I 
marked exueptions to the law, all the moat reliaWe deter- f 
minatious of their specific heals that liave been made by | 
diSereut observers are given, for reasons which we shall | 
presently see. 
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Boron (crjstiillizi'd) 



DinmontJ .... 0,095 
... .10.144 
.... 0.145 
.... 0.147 
.' . . . 0.191 
.... 0.23(1 
. , . . I 0.379 

Blast-furnace grn|iliite , 0.185 

0.193 

" " I 0.197 

Natural graphi 



Ie. Ctarcoal (veg.) 
/. " (.„ta 

Silicon : 

melted I 0.138 

'0.1(10 

crystallized I 0.105 

y " I o.ira 



I d. Gaa-coal . 



a 


100 






150 






aoo 




- - 30 to 
--23 " 


53 
KG 


[[ 


-13" 


UK 






U 




+ 30" 






+ a4" 


R7 




0" 


100 




+ 15" 


HH 




+ 31 " 


52 






70 




+ 16" 


inii 




+ 11J" 


98 




+ 19" 


B» 




+ 90" 
4-30" 


50 
100 


38 



+ 30 " 100 



4.8 



P Here then it wiil be olieerved that not only do the 
■■•tomie lieats of the three elements vary markedly from 
llie constant 6^5, but for different conditions of the eame 
element decided variations take place. In these cases 
there c^n be no thoiiglit that the determinations are in- 
correct. They have been made rejjeatedly by the most 
careful ex|)erimcntcrs, but ulways with the same results; 
and, as already stated, we are now forced to admit that 
the three elements — carbon, boron, and silicon — form 
undoubted exceptions to the eo-called law of Dulong and 
Petit, as this law has been stated. But shall we then 
without further inquiry abandon tlie law as useless? 
This question has been answered in tlie afQrmative by 
some ; but the majority of chemists at present accept it 
witli the restrictions necessarily imposed by the nature 
uf tli£ Cu!ts,iuid employ it in the determination of atomic 
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weights. Dot Torgotting tliat implicit confidence cannot be 
placed in t!ie results tlius obtained. It is chiefly oBefuI 
as an Hid to the other methods, and aa such it is very 
ueefui. If we examine those elements carefully which 
form more or less marked exceptions to the law, we nb»ll 
find that tiiey oil have siaall atomic weights; they belong 
to the clufls of bodies known as non-metals ; and tliey are 
either j^aseB themselves oi they form componnds that are 
gases, or, at Iea*t, volatile. Uy calculation, the atomio 
heat of liydrogea has been fonud to be abont 2.3 ; that of 
oxygen about 4 ; that of fl uorine about 5 ; that of nitrogen 
about 5. Further, we have seen that the atomic heat of 
carbon is 1.1 to 3.1 ; of silicon 3,9 to 4.8 ; of boron 2.5 to 
2.T; of sulphur 5.T ; of phosphorus 5.4. Arranging 
these elements in the order of increasing atomic weights, 
we have — 

Hydrogen 1 2.3 

Boron 31 2.,'i-2.7 

Carbon 12 1.1-3.1 

Nitrogen 14 5 -5.5 

Ojiygen 16 i 

Fluorine IB 5 

Biliwin 38 3.9-4.8 

Phosphorus .... 31 5.4 

Sulphur 33 5.7 

This list includes all the elements that, in their atomio, 
heats, do not comply with the law of Dulong and Petit.. 
It will be seen that the largest atomic weight represented 
is that of sulphur, viz., 32. Among the elements with' 
higher atomic weigiits no exceptions have as yet been 
noticed, and hence tlie law is looked upon as valid foi^ 
these latter. We may then say that, for elements with' 
high atomic weights, specific heat determinations may he, 
employed for the determination of atomic weights. But 
these elements are just the ones that we cannot reach by 
means of Avogadro's rule, whereas those noticed above 
as exceptions can be; hence the two metliods supplement 
each other, and, as far as they may be relied upon, enaUe 
us to deteimine the atomic weights of all the elements. 

Although we have considered carbon, silicon, and boroa 
as exceptions to the law of Dulong and Petit, very recent 
investigations show that, strictly speaking, they are not 
exceptions. I'be specific heats of these elements increae^ 
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G7 

;fa<iually fi'om the lowest temperature to certain points, 

'ben tliey remain constant for any I'nrther increase in 

peratiire. The point for carbon and boron* is in lUe 

aghborUood of 600°; tliat for silicon about 200°. At 

e temperatures, ant] above them, the elements have 

following spf^ciGc heats: carbon 0.46; tjfiron 0.50; 

[icon 0.205. The products obtained by multiplying 

lese figures by the atomic weights 12, II, and 2B arc 

6, b.5, and 5.8 ; ao that carlion, boron, and silicon are 

.not exceplions. The law of Dulong and Petit, however, 

is a little more complicated than we have stated it to be, 

and should have the following form: — 

The specific heals of the ekments vary with the tem- 

jjfiratnre; Init for every element there is a point, T, aliove 

"riiicli the variatioua are very slight. The product of the 

ttomic weight into the constant value of the specific heat 

nearly a constant, lying between 5.5 awl 6.5. 

ftulher found that itll the opaque modiGcations 
of carbon have Ibe same specific heat, and above 600° 
this is the same as that stated above, viz., 0,46. 

To account for the variations in the specific heats of 
the elements, it has been suggested that we cannot in 
most cases determine the true specific heat. This is only 
that heat which goes to iuci'ease the lemj^eratui'e. Ill 
measuring specific heats, we usually deal with a complex 
quantity, viz., that heat which raises the temperature, 
together with that which performs internal work and that 
which performs external woik. In the cases of solids and 
liquids, the external work performed is very small. The 
internal work is proliably different in clifl'erent cases, and 
may amount to considerable. The fact, that the specific 
lieats of so many elements give with the atomic weights 
of these elements the same product, indicates that in these 
tbe external work, like the specific heat, is inversely 
ii-tioDBl to the atomic weights. It is perfectly evi- 
it, according to this, that, if the amount of internal 
rork varies in different elements, the specific beat will 

^ * According to nampe (AnnHlen der Chemie, 183, 76), the 
bitance which lins always been Innked upon ai tlie flraicnt 
— is not the clemeal. Tlie black crystals of Wohler have 
_ _. mposilion AlB,,, Bad Ihe yellow crjatnls the campnsiiin 
/Ll,B^. In the light of these resnlta It appears then lliat, t 
tt we do not kaow the specific lieat of traroa. 
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also vary in aiieli a way ns to seem to conflict witli the 
law. It remains then lor the future to show liow specific 
heat detei'niinationa can be made whicli shall be imiepeu- . 
dent of the internal and external work. When this can J 
be done, it is probable that the law of Dnlong and Petit I 
will be fonnd to lie a perfect law, without exceptions of ^ 
anv kind. 
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Isomorphism as PDEmsaiNo a means tor determin- 
ing Atomic WEianTS. — Another means, once conaidered 
valuable, for determining atomic weights is found in 
connection with isomorphism. It has long been knt 
that substances of entirely different composition have 
tlie same crystalline form. This was explained by Mit- 
scherlich (1819) by supposing that an eijual number of 
atoms in different molecules gave rise to the same crya- 
tallineform. A little later, he proposed the followingstate- 
ment as probably representing the law of isomorphism: — 
An equal number of atoms, united in the name 
way, give the same cryUalline form; and this cryx- 
ialline form, is independent of the chemical nature 
of the alomi>, being only dependent on their nuniber 
and arrangement. 

If this law were atriolly true, it is plain that we should 
in many cases be able to determine atoniicweighta by ita 
aid. A few examples will illustrate this method : — 

The two substances BaCl^+2H,0 and BaBr.i^-pH.O 
are isomorphoiis. We may assume, then, that' their 
molecules contain the same number of atoms, and, if we 
know the atomic weights of the constituents of the mole- 
cule BaCl^+2H,,0, we can easily determine the atomic 
weight ofthe Brin the moleculeBaBr,+2H,0. Further, 
the compounds CiiAgS and CuCnS are isomorphoi 
Assuming that the molecules of each contain the sai 
number of ^ atoms, and knowing the atomic weights of 
copper and sulphur, we obtain very readily the atomic 
weight of silver. 

Il cannot be denied that this method has been of ser- 
vice in the establishrneutof the atomic weights. Never- 
theless, it requires but a few examples to prove that the 
results reached by means of it are not perfectly reliable, 
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The salts BaMn20g,Na.^S0^, and Na^SeO^ are isomorphous, 
and yet the best methods for determining formulas show 
that those given are the correct ones. If we were, in 
these cases, to assume that the number of atoms iii each 
of the molecules is the same, we would reach results at 
variance with those obtained by our most reliable means. 
We see thus that, if the isomorphism of salts is employed 
as a means for the determination of atomic weights, the 
results must be looked upon as doubtful. 



PROPERTIES OP THE ELEMENTS AS FUNC- 
TIONS OP THEIU ATOMIC WEIGHTS. 

Natural Oroups of Elemf.yiln. — If we examine the liat 
of elements and tlieir atomic weights, we (Ind that there 
ia ft number of well-mavked groups, indicating some con- 
nection between the atomic weights and properties of the 
elementa. Among these may be mentioned olilorine, bro- 
mine, and iodine; sulphur, selenium, and tellurium; lithium, 
sodium, and potassium. Arranging these according to 
their atomic weights, we bave; — 

CI 35.5 S 32 Li 1 

Br 80 Se 79.5 Na 23 

I 127 Te 128 K 39 

If, in each of these groups, we add together the atomie 
weights of tiie first and last elements, and divide this 
sum by 2, we obtain very nearly tbe atomic weights of^ 

the middle members of the series: ^"'^"^^^'^ = 81.25, 

2 
32J-J28 ^ T_+_39 ^ ^ ^ , , ^ j 

3 ' 2 ' 

ments, whose atomic weights are thus closely counecti»]f 
are themselves very closely allied in their properties. 
Considerations of tliis kind have led chemists, from time 
to time, to examine the atomic weights more closely, and, 
as a result of these examinations, it has been found that 
the connection above indicateil is much more general than 
was at fii'st supposed. A number of scliemes have bees. 
devised for the purpose of sliowing this connection clearly, 
some of which are certainly worthy of attention. We shall 
consider here the schemes of D. Mendelejeff * and Lothnr 

iiid Aiiiinlfii il. Cli. u. 
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Meyer,* as they em body all that is good of other st/hemes 
3iid are tbemselves iiouiparatively perfett. 

The Scheme of Mevdelejcff. — Mendelejoff first calls 
attontioii to the I'act that, if all the light elements with 
atomic weights from ^ to 36 are arranged in the order of 
their atomic weights, the following ivmarkable table is 
obtained: — 

Ll — J; Bb^ B4; B - 11 ; C-II; K = U; O — IB; F1 - Ifl, 

In these tyo series, elements which we recognize as 
similar iiome to ^taucl together as Li and Na, Mg and Be, 
C and Bi, and S, etc. The gradual change iu tlie 
proijertiefi of the members of the series, as we pass frem 
left to right, is uoticed particularly, if we consider the 
compounds which the elements form. Thns, only the 
lour last members combine with hj'drogcn, yielding — 

RH., Rn„, RH,, RH. 
The eharaeter of these hydrogen compounds also changes 
gradually, aceordiug to the position iit the series. CIH 
is a marked acid of great stability, 8H, is a weolt acid 
decomposable liy heat, I'H, is not an at^id, and is less 
stable than tlie preceding compounds, and this is still 
moi-etrneof SIH,. 

Considering the oxides of the members of the sfcond 
series we have— 

Nafi, Mg,0„ Al,0„ Si,0„ P,0„ 8,0,, CI,0,. 
or MgO, or SiO„ or SO,,, 

From left to right in this series the basic properties grow 
weaker and the acid properties stronger. Again, in the 
'[Dposition of the hydroxides, the same regularity is 
■ved ; — 
Ka(OH), Mg(On) , Al(OK)., Si(OH)„ P0(OU)„ 
80,(011),, 010,(011). 
Another point to be noted is this; that, in the series with 
which we are dealing, the metals are at one end and the 
so^'alled non-meiala at the other, while in the middle 
elements come which are aoiiietiines placed with 

* Annalen d. Ch. u. Fliann., T Btippt, 356. 
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the metals and sometimes with the non-metala, as 
iustancc, Si. 

But, just as tbe cliemieal properties undergo gradual 
oliange in the series mentioned, so also a corresponding 
ciiangc is notieed in tbe physical propeities. To illustrate 
this, the specific gravities and the atomic volumes of tbe 
members of the second aeries are given; — 



aijO Mg.iflj A\,o, Bi,o, PgOg S,o, CI/), 
Spec gr. 3.8 8.7 4.0 3.6 3 7 1,9 ? 
Atom. Tol. 23 S3 35 45 SS 83 T 

Another series corresponding to tlie two already given 
is the followiog :. — 

ig = in8; C4 = 112; lii = lW; Sb = 118; Sb — 122; To = 125 J; I 
8p.gr. 10.5; 8.6; 7.4; 7.3; 6.7; 0.3; 

It can be shown that all the elements may be arranged 
in series similar to the above, and thus a very intimate 
connection between the atomic weights and the propertiea 
of tbe elements is shown to exist. It will be noticed that 
the changes in the propertiea of the elements are periodic 
First these projjerties change accoi-ding to the increasing 
atomic weights, then they are repeated in a new perio4 
with the same regularity as in the preceding series. 
Sach series as those already mentioned are called smaif 
periodif. If H is placed in the first series, then Li, etc., 
come in the second series, Na, etc., in the third, etc 

Bnt all the known elements cannot be arranged in the 
small periods, and, what ia much more important, th^ 
corresponding members of the even (4, B, etc.) period^ 
or of the uneven (5, 7, etc.l, resemble each other mora 
closely than the members of the even periods resemble 
This may be seen from thet 

— Ti, V, Cr, M 

— — Aa, Se, B 

— Zr, Nb, Mo, - 
In, Sn, Sb, Te, I. 

The members of tlie foni'th and sixth periods resemble 
each other more closely than tliey resemble the member* 



those of the uueve 

following example 


n periods. 


Fourth period: 
Fifth " : 
Sixth » : 
Seventh " ; 


K, Ca, 
Cu, Zn, 
lib, Sr, 
Ag, Cd, 
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of the fifth or seventh periods; and the memliers of the 
fifth ami seventh periods reaemble each other closely. 
The last members of the even iwrioda resemble in manj 
respects the first memliers of the succeeding uneven 
series. Thus Cr and Mii in their basic oxides are similar 
to Cu and Zn. On the other lianrt, between the last 
members of the uneven periods and the first members of 
tlie Buceeeding even periods, there are very marked 
differences, as, for instance, between Br and Bli. Further, 
between the last members of the even periods anil the 
first members of the uneven periods, all those elements 
which cannot he arranged in the small perioils would, 
according to their atomic weights and properties, natu- 
rally come. Thus between Cr and Mn, on tiie one hand, 
and Cu and Zu, on the other, Fe, Co, and Ni would 
oome; the folio wing series being thus formed: — 

Or = 53; Mn = 55i Fe^.-JS; Co=59i Ni = 59i 
Cu = l!3; Zn^lib. 
As Fe, Co, m follow the fourth period, so Ku, Rh, Pd 
follow the sixth period, Os, Ir, Pt follow the tenth period. 
Two small periods (an even and an nnei'en), together 
with an intermediate series of the elements just men- 
tioned, form a large pf.ritid. As the intermediate mem- 
bers mentioned correspond tti none of the seven small 
iriods, they form an independent eighth group; — 
Fe = 56; Ni = 59; Co= 59. 
En=lC4; Rh=104; Pd = 106. 
Os =193?; lr=195?; Pt = I97. 
e members of this group resemble each other in the 
me way as the corresponding membei-a of the even 
jioda, as, for instance, V, Nb, Ta, or Cr, Mo, W, and 
s. 

E two following tables of MendelejefT show clearly 
3 relations described. In the first, the elements with 
r atomic weights are arranged in large periods; in 
! second, Ihcy are arranged in groups and series in 
jh a manner as to distinctly uidicate the difl'ereuces in 
a even and uneven periods. 
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Table I. 



ia.ry here to point oat all the properties 
of the elements which can lie shown to varj' in harmony 
with tbe changes of the atomic weights. Wliat lias already 
been said will anfflce to indicate the princijile involved in 
the construction of the tallies of Mendelejeff. Close study 
of these tables would undoubtedly show that tliey contain 
someiniperfectioDs and apparent contradictions; still, these 
are not numerous enough or serious enough to materially 
interfere with the value of the tables. It is evident that 
the flrst condition for the construction of SQch tables is 
the correct determination of all the atomic weights. We 
have aeen with what diffioiilty tUis determi nation is often 
attended, and how doubtful some of tlie results obtained 
are. When all the atomic weights shall have been accn- 
rately determined, and when all the properties, both phy- 
sical and chemical, of tbe elements are known, then a 
table constriicted on the principle involved in the con- 
Btruction of the above tables will, in all probability, shoir 
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a pcrrpct BCC'ordanoe between atomic weights and proper- 
ties. Perhapa tlien, too, the law of variation being known,,, 
it may be possible to propose a satisfactory tlieory in 
regard to the nature and conduct of atoms. Such a 
theory will be the legitimate result of the scientific chem- 
ical investigations now being carried on. The atomic 
theory of Dalton, as at present accepted, will eventually 
prove to be bnt a part of a more comprehensive atomic ' 
theory, which latter will he the theory of chemistry, cor- 
responding to the theory of heat and the theory of elec- 
tricity in the broad domain of physics. 

Mendelejeff proposes to use the periodic law, as he 
calls the simple rule governing the variations in the 
atomic weights and properties of the elements in his 
tables, for tlie pnrpose of determining the properties of 
undiscovered elements. In Table II. it will be seen that, 
in the fourth series, a member is wanting between calcium 
and titanium. The atomic weight of this element wonld 
be about 44, and its properties can also be very nearly 
foretold from its position. It would somewhat resemble 
boron; its oxide would have the composition RjO„ and 
its properties would bear the same relation to Alfi, that 
CaO bears to MgO, or TiO, to SiO, ; conseqoently it 
must be a more energetic base than Al^O, and would 
resemble it in corresponding compounds. Its sulphate 
wonld not be as easily soluble as aluminium sulphate, 
because calcium snlphate is mora difficultly soluble than 
magnesium sulphate. Thus, throughout the whole list of 
properties, such comparisons are made, and the unknown 
element is more accurately described than some of thoie 
which have been known for a long time. 

Sncli speculations are, without doubt, very attractive, 
bnt we must not forget that the tables, which are used aa 
their foundation, are more or less imperfect, and hencQ 
the conclusions drawn must necessarily be doubtful. Oii'i 
the other band, the time will come when such speculationsi' 
can be indulged in without risk of reaching doubtful re-, 
suits. The approach of this lime will be hastened by 
just such efTorta as those of Mendetfjeff to discover the 
law govei-ning the connection between the atomic weights 
and the properties of the elements. 
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Lotkar Meyer's An-angevient of the Elements. — Anotlier 
BiraDgemeDt of the elemeota showing the connection hn- 
tweeii the atomic weights aud the properties of tlie ele- 
ments is tliat of Lothar Meyer, already alluded to. Uia 
table follows — 



1^ 
















A&'i 






















13*18 


F 








J 


2?3 


SI 1-;;— 


— 


.'^■^ 
























«r 


^FT 


-f- 




























Si 1 1 al B 








TT 


Zr 


~ 


Mo ■~^ 


^^ 


6a,fl 


— 










Bu 




























^!..B,.« 


















nsj 


J '^^ 




















































P( 


KI2.J 


































1 i 









This table contains all the elements whose atomic 
weights have been determined with any degree of cer- 
tainty. The series here represented resemble those in 
Mendelejeff's tables. In some res|>ects, the arrangement 
is more imperfect than that abeady considered. Meyer 
further points out the connection between the atomic 
weiglits and the following properties of the elements: 
si>ecific gravity in the aolid condition, as shown by a 
comparisoa of the atomic volumes; metallic ductility, 
fusibility and volatility; crystalline form; influence upon 
the refraction of light; specific heat; conducting power 
for heat and electricity. The connection is not always 
very clearly discernible, but careful examination and the 
exclusion of sources of error as far as possible show that 
the connection is an actual one. It remains for the future 
to establish the close connection which exists, but which 
is thus far mostly bidden. 
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The position of the elements in the electro-chemical 
series is undoubtedly dependent on the position in the 
series of atomic weights, but it is such an exceedingly 
diflScult thing to determine the proper order of the mem- 
bers in the electro-chemical series, that the connection 
between the two series is not plainly recognizable. 




^Valence ok atomicity of elements. 

Dejinition. — The means for the detennination of the 
molecular formulas of compounda have alreailj' been con- 
eidei'ed, and it has been shown that these formulas can 
"be determined with a considevable degree of certainty by 
the aid of Avogadro's hypothesis. If we now examine 
the formulas as determined, certain new characteristics 
of the elements will preseat themselves. Let us take a 
Few examples among the hydrogen compounds. 



•^i<yc 


ClII,*^t*OU,, 


NU„ 


CH, 


->{■;, 1 


UrH.Mli Sll., 


AslI,, 


SiH 




lH,%il«eH^, 


SbH,, 




FlH,MefreII„ 


PH., 





We see here that CI, Br, I, and Fl each combine with 
n in the proportion of aR)m for aiom; O, S, Se, and Te 
combine with H in. the proportion of two atoms of hydro- 
gen for one atom of the other ele ment : in the compounds 
with N, As, Sb, and P, three atoms of hydrogen are in 
oombi nation with one atom of tlie other element; and, 
lastly, four atoms of hydrogen are in combination with 
one atom of C or Si.AThc elements here mentioned are 
representatives of four great classes. If we consider 
the members of the first class, we shall And that the 
1^ compounds which they form with each other are of the 
rBimplest kind. Indeed, they combine with each other 
"otolj in one proportion, forming thus but one kind of 
compounds. If we take, for instance, hydrogen and chlo- 
rine and allow tiiem to combine under the most varied 
conditions, the result is always hydrochloric add, and 
Ibis always contains 35.5 parts by weight of chlorine to 
1 part by weight of hydrogen. The same is true of 
other members of the class, as bromine, potassium, sodiam. 
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etc. If, on the other liand, we consider tbe members of 

any of the other classes, Tce shall find that a greatOT 
variety presents itself in their combinations, not only 
with each other, but with the elements of tbe first class. 
Oxygen combines with hydrogen in two proportions, 
forming water and hydrogen peroxide ; nitrogen combines 
with oxygen in five proportions, forming nitrous oxide, 
nitric oxide, nitrogen dioxide, nitrons anhydride, and 
nitric anhydride; carbon combines with hydrogen in a 
Tery large number of proportions, forming several series 
of hydrocarbons. In the foregoing, we have an indica- 
tion of some property of tbe elements which we have not 
thus far considered. In studying the elements now with 
reference to this new property, our first duty wonid 
plainiy be to study all the compounds of the elements in 
order to get as hro.id a foundntion of facta as possible. 
We would thus finally be enabled to draw tbe following 
conclusion : — 

Some elemevls combine with each other only in one 
proportion ; others combine with each other and with 
other elements in more than one proportion. 

This conclusion involves no hypothesis, but is the legiti- 
mate outgrowth of the known facts. The distinction made 
between the two classes of elements is fundamental. 

But there must be some reason for the difference. 
Where shall we seek for it? If we accept the atomic 
theory of Dalton, we must seek for tbe proximate causes 
of phenomena presented to us by masses of elements or 
their compounds in tbe atoms composing these masses. 
Here, then, we are to find in the atoms themselves the 
proximate cause of the new property of elements which 
we are considering. As, however, we can learn notUing 
of atoms directly, but only of masses of atoms, it is 
evident that this cause cannot he discovered, but miiat 
finally be imagined just as the atom itself is still only 
imagined to exist. In other words, our ideas of atoms 
must become enlarged in such a way as to account for 
the new property, or a subordinate hypothesis must be 
formeil to supplement the atomic theory. IJefore forming 
this hypothesis let us see whether we can learn anything 
more in regard to the new property tlian we have yet 
learned. 

We have seen above tbnt, on examining the formalaa 
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of chcniicfl] compounds an^ compnriDg them with each 
otlier, the molecules of some of the compounds coutaiti 
only one atom of hydrogen to each atom of the other 
elemsDt; in the molecules of other compounds we find 
two atoms of hydrogen to one atom of the other con- 
Btituent ; in others three, and in still others four atoms 
of hydrogen combined with one atom of some other cle- 
ment. In thus staling the number of atoms present in the 
molecules we, of course, hnve left llie domain of facta and 
have already entered that of hypothesis ; still, the hypo- 
thesis involve*! in a molecular chemical formula which 
has been determined by the ai(3 of all means at our com- 
mand is one which we are Justified in employinft, and we 
accordingly add the knowledge which we gain by means 
of this hypothesis to that which we possess from the 
simple study of t'ucts, and which is represented in our 
coDclnsion above drawn. Taking into consideration the 
snm total of our knowledge, as thus far stated, the sim- 
plest hypothesis which it is possible to form conuerning 
the cause which wo are striving to find would be the fol- 
lowing: Every atom of an element has an inherent power 
of holding in combination a certain number of other 
atoms, this number being dependent upon the combining 
power of the atoms held in combination. The simplest 
atoms would represent the unit of this power, and we 
would distinguish between these simplest or unit-atoms, 
and such as have tlie power of holding in combination 
two, three, four, or more unit-atoms. 

Name of the Neio Properly. — The property of the ele- 
ments which we are studying has, in accoi'dance with tlie 
simple hypothesis just given, been termi>d aliin \ i.ci/ ii. 
o ugjitivale nce. or only valenc e.* The elements which 

• In regard !o Ihe clioicebptwcen the tlireeexprpBBlons given, 
it mnj tie said thnt the word vtilence seems lo be \es6 objeetlon- 
able iLnn tho others which hiive ))i:-en nscd, liecauBe 11 la llie shn- 
]))(.'8t and, at the same limp, it cxprpssea nil ihut we desire to 
express witll reference lo tbe properly which it (leHlgnntPB, 
A)[aln, tbo word alomicity lias been used in another eenee, and 
hi^ncti itR use miglil 1i-ad to conl'iision, some nut horn employing 
it in its first sense, olliera in the new and entirely different sr — 
By H monatomic, diatnmic, etc. element is sometlmi 
element whose molecule cimsistR nf one, two, clc. ai 
la necessary to have words lo express Ihis latter sense, it « 
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consist of the unit-atoms are henoe called monalomic or 
unioalenl ; those oousistiiig of atoms wbiub have twite 
the combining power of llie nnit-atonia are culled di<h 
tomic or biualent; and in a similar manner we havB 
Iriatomic or Irioahnt, tetralomic or quadrioalent, elc. 
elements. Further, tlie elements are called respectively 
monads, dyadx, triads, tetrads, pentads, hexada, etc. Ac- 
cordingly, of the elements in the brief table, given at the 
beginning of tbis article (p. 1'A), all those in the first 
line are univalent; oxygen, suljihur, selenium, and tellu- 
rium are bivalent; nitrogen, arsenic, antimony, 
phosphorus are tr ivalen t ; and carbon and silicon are 
quadrivalent. (^i;;X^C^rvVT-€L*J^/ . 

Distinolion between Valence and Affinity. — The pro- 
perty of valence must not be confounded with that of 
affinity. By affinity is usually meant the force with 
which one atom attracts another or others. Valence htie 
apparently no connection with Ibis force. An element may, 
in general terms, have astrongafliiuty for other elements, 
and yet be univalent. Another may possess but a weak- 
affinity and be quadrivalent. Thus, chlonne has a strong: 
affinity for hydrogen, the two comhiije with great energy, 
yet they are both univalent element^J^White carbon doM 
not combine with chlorine with nearlyks great energy fli 
bydrogeji does, it nevertheless is quadrivalent; its aton 
is capable of holding in combination four atoms of hydra 
gen. The two properties, valence and aifiuity, are pos- 
sessed by every atom and exiiibit themselves every titn^ 
that atoms act upon each other, the latter determining 
the energy of the action, the former, the complexity of 
the resulting molecule. 

Methods/or determining the Valence of the Elementa.^-* 
The foundations upon which the conception of valetuM 
rests, and the conception itself being thus explained, lei 
us inquire how we can determine the valence of the 
individual elements. We have recognized certain cha- 

desirable to leavo tliu word Btomicity and its adjeclive-derifa. 
tirca, mouatomjc, dlalomic, etc., li> serve this purpose, wbile we 
adopt the expression valence wilh Lhe dc'rivutivcs uuivoleot, 
bivtilent, triviilent, etc., for the purpose of desigantiag the pro- 
perty under discussion. 
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racteriatics of tbe stMialled univnient elements, nni) hn 
Been that lij'<irogeii belongs to this class. Il' tbeu we e 
certain that hydrogen is univalent, wc may employ it 
a means of nieasiiring tbe valence of otber elements. 
The first general I'lilcs to guide us in the measurements 
would he — 

1. Those eleraenta which combine with hydrogen in 
tbe proportion of 1 atom to 1 atom 
for instance, are chlorine, br<j^ue, 

2. Those elements which combine with byrlrogf 
the proportion of 1 atom to 3 atoms of hydrogen nre ^ 
bivalent. Such, for instance, are oxygen, Bulphur, etc, ^"^ 

3. Those elements which combine with hydrogen in 
the projjortion of 1 atom to 3 atoms of hydrogen are 
trivaleut. Such, for instance, are nitrogen, phosphorus, 
etc. ~£^.i-^ 

4. Those elements which combine with hydrogen in 
the proportion of 1 atom to 4 atoms of hydrogen are j^ A 
qnadrivalcut. Sueh, for instance, are carbon, silicon, etc. "^ ^ 

But only comparatively a small number of the elements 
combine with hydrogen alone, so that this method must 
necessarily be of limited application. It is plain, however, 
that, if our conception of valence, as above explained, is 
correct, it is not necessary that we should employ hydro- 
gen as our standard in measuring it. Any other univalent 
element may answer the same purpose. Having then 
iii-st determined by means of hydrogen that chlorine and 
bromine arc univalent, we may employ either of these aa 
standards in the same manner as we employed hydrogen 
»hove. This wonid enable us to extend onr measure- 
nicnts much further, and, eventually, to take in all the 
elements, In all cases in which the molecular formulas 
of the chlorine or hydrogen compounds of the elements 
can he determined according to the principles of Avoga- 
dro's hypothesis, the determination of the valence is, 
according to the rules given, a simple matter. 

To illustrate the application of the method, let lis take 
an example. Suppose we wish to determine the valence 
of oxygen. Oxygen forms two compounds with hydrogen. ">• ' 
We analyze both of these compounds, and find that water 
cont.ains the smallest proportion of oxygen to hydrogen. 
We assume, therefore, that in the mok-eule of water there 
is J^uC one atom of oxygen ; and we conaequently take 
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this compound for the |)iirpose of makiDg our determiosi- 
tiou. The molecular weight, is found to be IS ; and this, 
taken in conjunction with the resulta of the analyses, 
shows us that 16 parts of oxygen are combined with 3 
partB of hydrogen. The atomic weight of hj'drogen is 
already kuown to be 1, Hence one atom of oxygen is 
combined with two atoms of hydrogen ; and hence, 
further, oxj-geu is a bivalent element. 

Insufficiency of the Hi/po/heain- — In uttfrnpting to 
subdivide the elements into classes according to tlieir 
valence, difQcnlties are met with ; and these are so greiit 
that the hypothesis as already given proves inadequate, 
and must undergo change in order to be in harmony with 
tlie fecta. Tlie conception of valence witli which we havB- 
been dealing is the simplest which is held. It is, too. the 
first form in which it was brought to light. For these 
reasons it has been explained in full. ]t is now ueces* 
sary, however, to show in what respects it is inadequate, 
and to sliow what changes it has undergone. 

The original form of our liypothesis, ns above stated, 
was; Every atom has an inherent power of holding in 
combination a certain number of other atonus, this numliet 
being dependent iipon tlio combining power of thu atoms 
held in combination. 

According to this, phosphorus, which combines with 
hydrogen, forming the compound PH,, ought, in com^ 
bining witli chlorine, to foi-m tlie compound PCL,, and 
there 8to|ft|^Nitrogen, which fonns the compound NH^ 
ought to anow itself as a trivalent element wherever it iS' 
met with. In tlie case of phosphorus, however, we have 
not only the chlorine compoimd PCIj, but another, PCljj' 
in the case of nitrogen, loo, we have not only a wholA' 
series of compounds in which it plays the part of a. 
trivatent element, but also a very large series in which it 
just as surely plays the part of a quinqiiivaleut element. 
Thus WG have, on the one hand, ammuaia, NH,,, 

bydrnsylnmine, NH,,_(OH), nitrons acid, NO{OEr), etc., 
in which nitrogen is trivalent ; while, on the other hand, W8 

have ammonium chloride,(N H,CI, nitric acid, NO,(0H>(i 
and the wliole list of/'niLiatcs nnd)ammonium salts 
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whidi nitrogen is quinquivalent. A number of otliei' 
iiistajiDes could lie given, showing tliab one iinii the siiino 
element exhibits different combining powers indifferent 
eom|>ounds, ao that, if we attempted to classify tho eie- 
ments aecording to the valence, we woidd place the sama 
olemeut now with the trivalent and now with the quin- 
qnivalent; another would find its place with the bivalent 
and again with the qnadrivalent, according as one or 
another compound of these elements is taken as tlie 
means of judging of the valence. Plainly, then, the con- 
ception of valence needs enlargement, for, aa above atated, 
it has not a true foundation of facts. 

Atomic and Molecular Compovnda. — The difficulty 
Just indicated was early recognized, aod an attempt was 
miide to surmount it by introducing another hypothesis 
in regard to the nature of chemical compounds. Accord- 
ing to this new hypothesis, there are two kinds of chemical 
compounds, which are called aiomic and molecular. In 
the former of these, wehavetha true chemical comijounds, 
in llie sense in which we have understood that expression 
from the beginning. In tbese, the atoms eshibiC all the 
proiierties which we have thus far recognized as belonging 
to them — including valence. By virtue ot these proper- 
ties, the compounds have theii" existence. In the mole- 
cular compounds, on the otiier hand, a new force is aup- 
posed to act, this force being distinct from the interatomic 
force, and acting in a peculiar way between molecules. 
The molecules are supposed to be first formed by menus 
of chemism, etc., and, when these have been formed, all 
that can lie effected by valence has been elTect^rl. But 
now it is further supposed that the molecules thus formed 
have an attractive power and combining power of their 
own, by virtue of which the molecular compounds are 
formed. The most common examples of molucular com- 
pounds are salts containing water of crystallization. 
These are formed by virtue of the attraction of the mole- 
cnles of the salt for the molecules of the water. Itut, 
according to the |>ropounder of this hypothesis, we have 
further examples of roolvcular compounds iu phosphorus 
chloride, PCI-,and in ammonium chloride, XU.CL Inth« 
former of these, a molecule of PCI,, n true atomic 
pomd, botdfl in combination a molecule of chlorine (Olj, 
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also an atomic compound. In tlie latter, a moieciile of 
NK,, an atomic componiK), holds in couibinatioii a mole- 
cule of hydi'Ochtoric acid, also an atomic compound. 

Foundation for the Diftinvtion between Atomic and, 
JUnlecular Compounda. — Of course, in order that nucti 
an hypotheds as that under considemtion should be at 
all i>ermi38ible, it must be shown that there are 
ences between those compounds which are called molec- 
ular and those which are called atomic. To a certaiiL 
extent this is possible. In the case of salts containing 
water of crystallization, there can, at least usnally, be 
no difficulty in recognizing tliat the force holding togetfaer 
the salt and the water is of a different natni'e from that 
which holds the constituents of the ealt together, or thaft 
which bolda the constituents of the water together. Ife 
is only necessary to heat the compounds gently in ordOT 
to OTcrcome the attraction and cause the breaking up c^ 
the complex molecule ; in some cases, indeed, the attTao< 
tion is so weak that it is oidy necessary to expose thtf 
compound to the air, when the water passes off in the form 
of vapor, leaving the molecules of the salt intact. Tbia 
weakness of the union is then a principal characteristic 
molecular combination. 

Now, if we examine the compounds above referred tOy 
viz., PClj and NH,C1, we iind that they possess this cha- 
racteristic. It has been shown, when considering the 
cases of auomaloas specific gravities of vapoi's, that, 
when PClj and NH,C! are heated to a siiflicieut degree 
to convert them into vapor, tliey are broken » 
PCI, aud CI,, and NH, and HCl, just as the crystal-] 
lizeil salts loae their water of crystallization by beinj^ 
heated. So, also, in a number of other cases, it can be 
shown to be true that compounds, whicli we must con- 
sider as molecular in order to explain their existence and 
yet retain tiie hypothesis of valence, as above stated, 
break up under the influence of beat into b 
molecules. 

We thus see that there is some foundation for assumi! 
the existence of molccujnr compounds as distiuct ; 
atomic compounds. But how dues tliia help us in 
uioiiutiug the diflieulty already met with iu attcmptio] 
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to ap))l,y tbe principle of tlie h^-pollifsis of laloiico for 
the purpose of classifying tlie elements ? 

kUse of the Distinclion. — It is plain that ntomio cotn- 
Qnds would he tlie only ones wbich we eoiiUl employ 
■ the purpose of (letermiuing the valence of atoms. 
Thus, tlie only cliloriue compound of phospLonia which 
we could employ for the purpose of determining tilts 
valence of phosphorus is PCI,, The other compound, 
PClj, the existence of which would seem to indicate tliat 
phosphorus ia quinquivalent as well as trivalent, being n 
molecular componud, is formed iutlependeut of the val- 
ence of phosphorus and does uot at all interfere with tlie 
acceptance of the original hy^iothesis of valence. So, 
too, in all similar cases. Nitrogen is really trivaleut, 
but, owing to the formation of molecular compounds, it 
appears oftentimes to l»e quinquivalent. By a generous 
application of this principle, there is no difficulty in aiv 
counting for the anomalous citaes, and our hypothesis of 
valence may still be retained, milees it can be shown that 
there are facts, not yet considered, which do not har- 
monize with it. 

Difficulties met luiVA.— One difficulty immediately pre- 
sents itself. Although the examples above given show 
that, there are comjjounds which seem to differ from true 
chcinical compounds to a autHcient extent to justify us 
in assuming that tlicy belong to another class of com- 
pounds, still, there are cases in which there is no ground 
whatever for mahing this assumption, and which, never- 
theless, show plainly that one and tlie same element may 
be at one time trivaleut, at another quinquivalent, unless 
we make the above assumption without ground. The 
compound POCl^, for instance, is not decomposed when 
converted into the form of viipor, and we have just as 
much right to consider it a true chemical com]x>und aa 

we have to consider PCL, as such. But, in POCI^, phoa- 
phorus ia quinquivalent, while in PCI, it ia trivalent. 
Evidently, here our only ground for considering POCI, a 
molecular compound ia the fact that its existence cannot 
be explained by the original hypothesis of valence, 'i'his 
iu dangerous reasoning, and, if we follow it, we ahall 
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soon be in senous diflictilties. Wc san almve that ftll 
the nitiateFt rjuI nmiuoDi Liin baits can onl; be explained 
on the Buppoeition tliat tlje nitrogen in tlicm is qninqui- 
valciit, unless we suppose them to bo cioletnlar com- 
pounds, riaioly, it would lie uext to nbgnrd to indu)^ 
in the latter siippositidn, as botli tlie nitrates and the 
ammonitim salts bave all tLe characteristics of true chem- 
ical compotintls, and, if we can assume tliat tbey are only 
molecular compounds, in order to suit our purpose, then 
we are at liberty to make the same assumption in regard 
to ftlmoBt any compound in the field of chemistiy. 

Experiments showing thai Nitrogen may he both Tri- 
valent and Quinquioalenl, — Again, an experiment has 
been recently performed which appears to sliow that 
ammonium cliloride, KH^Cl, and analogous compounds 
of nitrogen, are true atonjic compounds. If NR,CI is a 
molecular compound, then, as was explained above, two 
forces are concerned iu the formation of ita molecule. 

Ist. A force holding together the nitrogen atom and 
three hydrogen atoms forming the molecule NHaj and 
the hydrogen atom and chlorine atom forming the mole- 
cule HCl. 

2d. A force holding together the molecule NH, and 
the molecule HCl. 

If these two forces are distinct in character, the re- 
suiting molecule might be represented by the formula 
(NHj -|- HCl). Suppose now we add together two other 
molecules such that, taken together, tbey are the same in 
number and quantity witli those contained in the com- 
pound (Nil, -f HCl). Then the resulting compouml 
ought not to be identical with that obtained in the former 
case. If these new molecules are, for instance, KH,C1 
and H„then the compound will be (NH.Cl + HE) and 
this should not be identicul with (NH^ -f UC1\ althougli 
its composition is exactly the same. 

This principle has been tested, not, indeed, with the 
molecules employed in the above explanation, but with 
others analogous to them. Instead of NH„ the analogouR 
Qompuund, N(CH,)„ was taken and this was united with 
(C HJI. Tlius, a compound was obtained which, if it be 
molecular, may be represented by the formula (N(CH,),+ 
C.H.I). Again the compound N(CH^),C,U, was take% 
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anfl this was iiiiiterl with OH,I, yieWing a compound 
mhiuh, as in the fonner case, may be I'ej (resented by the 
formula (XtCHJ.C.II^ + (Cn,)I). Now, tlieae two now 
compounds onght not to be ideutical, if tliey are molecular 
anil not atomic. On comparing them, however, they were 
fonnil to be in every reapeet identical. 

From this esijcrimeiit it is concluded that the eom- 
[wunds studied are atomic compounds, and tliat iti them 
nitrogen ih quinquivalent. Each group (CH,), (C^H,), 
aud the element 1 being held by the same kind of force, 
tlie identity of the resulting compounds is readily under- 
stood. We have in each — 

CH, 

As was stated in a previous chapter, the compound 
Pf'l; can be converted into tlie form of vapor under cer- 
tain circumstances, viz., in the presence of the vapor PCI,. 
Fromtliislt is concluded that tlie compound PCI, is a 
true chemicnl or atomic compound ; and hence, further, 
that the phosphorus .atom contained in it is quinqui- 
^_E4lent. 

The Distinction between Atomic and Molecular Gum- 
pounde unnecessary as far as the Hypolhcgia of Valence 
in concerned. — We recognize thus that nitrogen and 
phosphorus act in some eorapouuds as trivaleiit, in other 
comjifiunds as quinquivalent, elements. If we acknowledge 
this, however, then there is no necessity for ussuming the 
existence of molecular compounds for the purpose of 
explaining anomilies in the valence of eicmpnts It is 
very probable, indeed, that in the so tailed double com 
pounds in whuh we have two or more salts combined 
with each othei as well as in the salts eontammg watei 
of crystallization, ne have trup examples of moKcuHi 
compounds, in the sense in itbioh this expie^sion liaa 
been used in the present mtiiJe, bnl it is e*ident tiiat, 
as soon as we admit the po8sibilit\ of one and the sami 
element being eit^iii univalent oi Invalent, it is no longer 
ary to assume the eNistiuce ol these molecular 
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compouniis. We hence leavo the study of these peenliar 
and interentiog coid|k>(idc19 for the future, and coutiuue 
our discassiou of vulence. 

Halvraled and Unsaturatpd Gojnpound«. — As soon as 
the qnitiqui valence of nitrogen was estahlisbeil, a. new 
explanation was offered concerning the natnre of nitri^D 
compounda, Onlj' those compounds in which the nitrogen 

quinquivalent were looked upon as complete. Those 
n which the nitrogi^n ia trivalcnt were looked npon as 
neomplete. For the expressions complete and incomplete, 
the ejtpressions satnrateil and anaatorated were employed. 
The atom of nitrogen having the power to hold in com- 
bination five univalent elements or groups is saluralfd 
when all of its powers are employed, as in the compound 
NH,CI; it is unmluraied when onTy a part of its powers 
are employed, as in the compound SH,, The power of 
the nitrogen atom was expressed by saying that it 
Besses five affinities. In tiie saturated compound all of 
these affinities are employed, whereas in the unsaturated 
compound only a part of them are employed. 

To explain 'the fcct that ammonium chloride, NH.CI, 
is readily decomposed hy licnt, yielding NH^ anil HCl, it 
was further supposed that of the five affinities of tlie 
nitrogen atom two are weaker than the other three. 
Hence, in a saturated nitrogen compoand, two atoms u 
groups are held less strongly than the other three, antt 
are given off more readily. This same explanation would 
account for the decomposition of phosphorus chloride, 
PClj, into PCI, and Cl„ and the other similar decomposi- 
tions to which reference has already been made. Tha 
experiment described above, however, which proved th» 
identity of the compounds— (N(CHj, + C,HjI) ami 
N(CH,}/C,Hj-fCH^i— proved also that the aBanitles 
of the nitrogen atom are all of the same kind, and hencfr' 
we cannot admit that two of the affinities are weaker than 
the other three. While, farther, phosphorus chloride, 
PC!j, is readily decomposed by heat, in accordance with 
the snpposition that two of the affinities of the phosphorus 
atom are weaker than the other three, yet, on the other 
hand, the compound POCl, gives no evidence of this 
difference of the altinities. iL can also easily be showil 
that it is not ueccssarj' to assume ihis difference id ordei 
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to explftin the decom position of phoaplionia cliloriile, 
PClj, nnd Biiiniomiiiii cliloriile, Nn,Ct. We maj', for 
instance, suppose tliat tlie five aftlnitiea of tlie nitrogen 
atom, or tlie phospboi'iis atom, are all exactly equal in 
jiuwer at the outset. Should three of these affinities, 
however, become eatiirated, it seems possible that tlie 
presence of the saturating atoms or groups may influence 
the power of the remaining unsaturated aQlnities iu such 
a way as to make them weaker than they were at first. 

With the evidence liefore us, it seems that we arc 
justified in abandoning the view that the affinities of the 
nitrogen atom and similar pL>ntavaIeut atoms clifi'er from 
each other in the strength of the attraction which they 
esert towards other atoms. It remains then yet to 
explain, by the aid of some other hypothesis, the ready 
decomposition of ammonium chloride and phosphorus 
chloride. 

Double Union. — To account for the existence of un- 
saturated compounds, some chemists have supposed that 
two afflnitiea of the same atom might iu some way act 
upon each other, eansing saturation. The compound in 
which such a combination exists would then be a com- 
plete compound, not possessing free affinities. In them, 
however, the mutual saturation of like affinities could be 
easily overcome, and then other atoms could be held in 
combination. This was supposed to be rendered probable 
by the fact that the iinniber of aflinitiea which are con- 
sidered as free in unsaturated compounds is always, with 
very few exceptions, an even number. This would 
necessarily be the case if the above assumption were 
true. The idea of double union has undoubtedly been of 
service in some cases, as, for instance, in the theory of 
the so-called aromatic compounds; but it remains still to 
be shown whether there is a sufficient basis of facts for it 
to rest upon. 

iFoWaWe Valence — We have alremly seen that nitro- 

I and phosphorus act in sume compounds as though 

e Irivalcnt; in others, as though they were quin- 

■ivalent. On examining the compounds of other cle- 

mts, as we have examiund those of nitrogen and phos- 

e ehould Qud that some of these also appear at 
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times to have one valence, mid at otiier times another 
valence. An a consequence of siicli observations, tlie 
hypothesis of valence as first stated in its simplest foi'ta 
was cliopgcd, nnd the cliange has been aeeepted by some; 
Instead of supposing the valence of an atom to be a con- 
stant property determined by the nature of the atom, just 
as the weight and many other properties are necessarily 
connected with the atom and are con8t3]it,it was supposed 
that the valence coiilil change according to circumstances. 
These circumstances might bo of various kinds, but pro- 
minent among them was the temperature. Accordingly, 
in some of their compounds, nitrogen and phosphorus 
are trivaleut, and in others quinquivalent. Inasmuch as 
the ammonium compounds, in which the nitrogen is qiiiu- 
quivalent, are decomposed by heat, yielding amraonia, in 
which the nitrogen is tri valent, and as, further, phosphorus 
chloride, in which the phosphorus is quinquivalent, is de- 
composed by heat, yielding phosphorus trichloride, ill 
which the phosphorus is trivalent, the conclusion was 
drawn that, at lower temperatures, the valence of these 
elements is greater, and that tlie valence decreases with 
an increase of temperature. 

The change thus made in the hvpotliesis of valence has 
led to a much moi-e comprehensive change affecting the 
valence of every element. Not only could the valeuceof 
some few elements vary according to circumstances, but 
now the valence of all elements is variable. The same 
element may be univalent, trivalent, quinquivalent, hep- 
tavaleut, etc. Another may be bivalent, quadrivalent, 
hexa valent, etc. All the elements are divided into two 
classes, called artiads and peri^ifadn.- The mem.bers of 
the former class may have any valence represented by all 
even number, as 2, i, fi, 8, etc. Tlioae of the lattur class 
may have any valence represented liy an uneven number 
as 1, 3, 5, 7, etc. There is, to be sure, a prevailing ten- 
dency on tlie part of each clement to act with some par- 
ticular valence, but, nevei'theless, as occasion demands, 
new powera may he called, into requisition, or some of 
those which usually exiiibit themselves may disappear. 

Objedions to the Idea of Vnnablc Valence. — The ob- 
jection which we have to this view is the following: We 
conceive the valeuceof an element to he a very ioiportttUb. 
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^^BDpGrty. HdDce, the dilffrence bc^tween iinivflicnce, tri- 
^^Blleticc, and quintiuivaleuce is n great (lill'(-'rc-D(.-e, anil the 
^^mange from one to the other is a great ami important 
change. To say that an atom lias now the power of liolrl- 
ing in combination only one nnivalent atom, and that, in 
BO doing, all its power ia employed; a.ml, again, to say 
that the some atom has thi-ee, five, or even seven times 
tills power, presupposes very peculiar notions concerning 
the nature of force. Where shall we find any analogy for 
this startling kind of metamorphosis? This power of the 
atoms, it naust he remembered, is actual power, it ia tan- 
gible, it is a form of energy.* Do, then, the atoms origi- 
nate and annihilate energy at will ? Can ttiey multiply 
K divide the energy which they possess in one compound 
five or seven, so aa to be correspondingly stronger or 
liter in another compounds If we accept this view, 
must ascribe to the atoms themselves creative power 
and the power to annihilate energy. This we prefer not 
to do, and hence, we do not accept the hypothesis of vari- 
able valence, in the sense in which that espre 
■ ' 1 this article. 



KiUel 



WiifWs View. — ^Yiirtz has recently employed the 
valence in a sense differing entirely from that in 

jeh we have tlius far understood it, and in which it has 
been used by most writers. By it he means the power 
which an atom actually exhibits in any given compound, 
not the absolute power of the atom to hold other atoms 
in combination. He says; "We think that the important 
thing is not to fix the atomicity which each element pos- 
sesses absolutely, bnt that which it manifests in a given 
compound." He then points out the difficulties in the 
way of deteimining the absolute atomicity of an element, 
and abandons the attempt to nccomplish the determina- 
tions. Further, he calls attention to the fact that the force 
with which one atom attracts another depends upon the 
properties of both atoms, and cannot be measured ahso- 
iulfly by the force of one of the atoms. So also, be con- 

• The polenlial enerfry of a free atom must be dppendent upon 
IP thingB, viz , llie affinity of the alom lor other nlnnis, and 
■ TAlence of llie atom, determining the Dumber of alouis wliieli 
EBttiaclcd by meaus of tlie affiuily. 
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ceives that an iitom nmy be triralent towards one kind of 
atoms and quinquivalent towards another. He anyB, ill 
this connection ; " The pi'operty which phosphonis pos- 
sesses of nnitiiig; with five atoms of chlorine dc-pends, . 
without doubt, ii|)on n particular condition of the atoms, 
their form, structui-e, volume, movements. This con- 
dition, which is unknown to us. is invariable for phos- 
phorus, and if one atom of phosphorus can attract five ■ 
atoms of chlorine, while it can only unite with three 
atoms of hydrogen; if it is quiuquivalent as regards 
clilorine, and trivaient as regania liydrogen, we ougiit to 
seek for the reason of tlieae diirereH(«s, not only in the 
atoms of plioaplioruH, but also further in those of chlo- 
rine and of hydrogen." 

The proposition, then, is to throw aside the idea of 
valence, as it has been defined, and to subatitnte for it a 
variable idea. The valence of an atom is thus not a 
fixed property of the atom determining the nature of ttie 
compound which this atom forms with others, but, these 
componnds having been formed by virtue of unknown 
properties of atoms, llie valence is that particular com- 
liining power which the atom happens to exhibit. The 
difference between these two conceptions of valence are 
as great as that between the conception of atomic weight , 
and equivalent. It will be remembered that, owing to 
the difHcutties at first encountered in determining atomic 
weights, it was proposed to substitute the equivalent for 
the atomic weight, and that the atomic weight was, for a 
time, abandoned. The subsequent development of the , 
science showed that this step was a backward step, and 
that the first conception of Dalton of the atomic weight' 
was the true one. Equivalents have, in turn, been aban- 
doned, and the definite atomic weights have again taken 
their plaee. 

We believe that the proposition of Wiirtz to abandon 
the definite idea of valence is analogous to the original 
proposition of Wollaston to abandon the definite idea of 
the atomic weight. There are undoubtedly strong; 
reasons for the step proposed by Wiirtz, as there was for 
the step proposeil by Wollaston. The difficulties ia 
the way of determining the absolute valence of an ele- 
ment are fully as great aa they arc represented to be by 
Wiirtz. Nevei'thelesa we are not prepared to follow bi^ 




f *nggestiou to aliandoo the definite idea of valenre. We 
lielieve tbis valence to be a fixed and i m porta iit i]ro|*crty 
of every atom, the stndy of which will in time leait to 
valualile results. Wlien investigation shall have pvo- 
cceded far enough to enable H8 better to iinderstand this 
property than we do at present, we shall probably find, 
as we have held throughout this discussion, that the 
valence of the atom determines iu every case the com- 
plesitj of the molecule ; and that, knowing the valence 
and nature of the atonia entering into combination, we 
eliall be able to foretell the composition of the molecule. 
Because we cannot do this at present, shall we abandon 
the idea completely? We do not think it aiivisablf to 
do 80. That which Wiirtz calls atomicity we would call 
apparent valence, thns distinguishing it from tliu Criin 
valence. The distinction having thus been made, let us 
l>oint out more clearly the ditferences between apparent 
and true valence. 

Trite Volejice—'rhls has already lieen doQiied. By 
true valence is meant that property of an atom by virtue 
of which it has the power to hold in combination a certain 
number of other atoms. It is an invariable property for 
the same atom under the same conditions. It may !« 
exerted to the full extent in a given compound, or may 
not he. According as it is, or is not, thus exerted to the 
full extent, the compounds which it fonns are saturated 
or unsaturated. In an unsaturated compound there are 
free affinities, but these are not as strong as the alfinitieH 
of the fi-ee atom, for these must change with the entrance 
into a molecule of new atoms. For instance, the aflBnitics 
of an atom of phosphorus are at first equal in strength, 
and in every other respect. But, as soon as a (lart of 
these alUnities are employed in holding atoms in place, 
it seems very probable that the presence of these niiw 
atoms would influence the nature of the whole molecule; 
and, if there are any unemployed alDnities present, these 
too would differ from the unemployed affinities of the 
free atom. In some instances, this influence may be 
comparatively strong, and the nnemploycd allinitiea may 
thus be rendered very weak, so weak, indeed, that they 
are hardly recognizable. In other instances, this infiuence 
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may be less marked, and tlien we would have move active 
viiiaaturated hodiea, that is to say, such as would readily 
take up additional atoms. 

Methods/or delermimng True Valence. — In regard to 
the means at onr command for measuring the valence of 
elements, we must confess to great weakness. It is 
impossible at present to meaanre tUe trne valence of all 
elements with any degree of accuracy. We adopted 
hydrogen above as llie standard for making the measure- 
ments. It still seems to us proper to do so. It does not 
follow, however, that the results obtained through the 
aid of the hydrogen compounds are necessanly the true 
ones. In determining atomic weights, we do not only 
take into consideration one particular set of compoumla, 
but all compounds of an element, and then adopt for the 
determination that partiuiilar compound which contains 
the smallest proportion of the element. So, in determin- 
ing the valence, it ia right to take into consideration all 
the compounds of an element, and then to~ adopt that our 
which contains the largest proportion of the measuring 
element. 

We believe, further, that there are other elements, 
besides hydrogen, and otlier atomic groups which are 
univalent in the same way that hydrogen is univalent. 
Such, for instance, are chlorine and bromine, methyl 
(CHj) and ethyl (CjIIj). These elements and groups 
may be used for the purpose of determining the valence 
of other dements, just as hydrogen is used. It maybe 
that the results obtained by means of them may differ 
from those obtained by means of hydrogen. Thii 
necessarily fatal to the metlioil, though such a disagree- 
ment of results might incline lis to think, as Wiirti 
thinks, that the valence of an element is not only depen- 
dent on the nature of its own atoms, but also upon the 
nature of the atoms with which it is combined. If this 
supposition of Wiirtz is correct, however, if, as he saya, 
phoBphorna ia quinquivalent towards chlorine, how can 
we explain the existence of the compound PCI, witliont 
supposing it to bo an unsaturated compound? What 
dilferenoe shall we understand to exist between PH, and 
PCI,? 
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Apparent Valencp. — The apparent valence of an ele- 
ment is th.it which Wiiilz calls the atomicity. It may or 
may not be identical with the true valence. In every 
compound in which the apparent yulence of an element 
is not its true valence, there are free affinities. These 
may or may not he masked through the influence of the 
atoms or groups already present in the molecule. In 
many cases, the apparent valence of an element in any 
given compound will be detui'mined as soon as the formula 
of the compound is determined. In cases where it is 
]>ossibIe to ascribe to au element more than one valence, 
it is better to select the prevailing valeuce which it 
exhibits in its other compounds, unless there are good 
reasons for selecting some other. We ought always, 
however, to take the simplest view permissible. 

With the conception of apparent valence just explained, 
and with the limitations recommended, it will be found 
that no element exhibits more than two different powers 
of combination, the majority, only one. It seems pi-o- 
liable that in tliose cases in which an element exhibits 
only one valence, this may be the true valence. Whether 
this be so, is a question still to be answered. Our know- 
ledge of true valence is ao limited that, for the present, 
we propose to call the valence observed the apparent 
valence, leaving the proper development of the subject 
of true valence for the future. 

Conclusions As a result of the above discussion we 

are prepared to make the following statements, which we 
believe to be in accordance with the facts, and the simplest 
which can be made in the present state of our knowledge. 

I. Valence is a fixed pi-operty of elements, which may 
be fully exerted or not. 

II. We do not possess satisfactory means for deter- 
miDing the true valence of elements. 

III. We can determine the apparent valence of elements. 
IT. The apparent valence may vary within narrow 

limits, but rarely, if ever, does one element exhibit more 
than two powers. 

In the following table the apparent valence of each 
. element, as determined by a variety of observations, is 
[edicated : — 
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H I. UniviiUnt EUmetiU. 


in. Trimlenl Element. ' 


■ Hjdrogeu, H 


Boron. B 


■ Chloriue, CI 


Bismuth, Hi 


B Bromine, Br 


Gold, Au 


■ Iodine, I 


Indium, In 


■ Fluorlue, Fl 

■ Sodium, N.t 
^H CiEsium, Cs 


IV.Bi-andTrinalentElfments. 
Nickel, Ni 
Cobalt, Co 
Iron, Fe 




■ Lilhium, Li 


Manganese, Mn 


^ft Silver, Ag 


Aluminum, Al 


^H 11. Bivalent Elemenlt. 


Uranium, U 


^M Oxygen, 
^M Sulphur, fl 
^H Selenium, Be 
^B Tellurium, Te 
^M Bariam, . Ba 
^M StrouliQm, Sr 

■ Caldum, Ca 

B Beryllium, Be 

■ Zinc, Zii 
H Cadmium, Cd 

■ Copper, Cu 


V. Bi- and QuadnpaUnt Eti- 


ments. 
Carbon, C 
Tin, 8n 
Lead, Pb 
Platinum, Pt 
Iridium, Ir 
PnllBdium, Pd 
Osmium, Ob 
Rhodium, IIU 


■ Mercury, Hg 


VI. QuadTir,alent Elemn^tx. 


^B YUrinm, Y 


Silicon, 8i 


■ ' Erbium, Er 


Titaniura, Ti 


■ { Cerium, Ce 


Zirconium, Zr 




Tboriura, Th 


H vDldymiura, Di 




H The above table is, no doubt, exceetliDgly imperfect. 


■ Investigations, at present being carried on, are tending to 


■ perfect it. Through a knowledge of the apparent valence 


■ of elements, we Bball eventually arrive at a knowledge of 


■ the true valence, and hence we attach importance to the 


^M study of this peculiar propei-tj'. We are far from nnder- 


^M standing it, bo that any diacussion of it must neceasaiily 


^M be very imperfect. In the above, tlie attempt has been 


^B made to show exactly where we stand with reference to 


^H this property, to show that someof the hypotheses whiclt 


^H have been proposed corcerning this property have not 


^H foundation enough to warrant us in accepting them, and 


^H to reduce the hypotheses back to the simplest form. 


^H This is all we can do at present, aud with this we close % 


^M our discussion. 
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Pefimtion of Constitution, bto. 

Definition, etc. — In coosHering tlie aulijiitit of vitlniiw, 

'e stated that chemioal compomids arc Torinod liy virtiio 

t the mutual attr!u;tiun of tho free afHnitius of aUimti 

^n each other; that the valciiue of atoms (loti'rniincfl 

"tlie complexity of the molecules into which thi\v t'lilor, 

Wben the comiiounds have once bcuji loniii'd, llu- iillinl- 

ties culled into action are no loiiir,iv I'niii; ihi'v nri' 

saturated. Upon this mutual nuutmtiziitiori tii'Hiit.iij'iilliui 

of free affinities are based our ideas in rcgurd to the 

constitution or strnctnre of chemical componndN. Tho 

simplest illustrations of chemical constitution arc fouud, 

of course, among the comijoiitids which nnivatont olomonta 

form with each other. Whatever conceptions we hold In 

regard to the constitution of these simplest compounds, 

we must, in general, hold the same conceptions in regard 

^^o the constitution of the most complicated compoiuidit. 

^B«et UB then briefly consider one simple com|)(iiiud, and 

^^bplain definitely what we mean by its conntit.ution. 

^F^ An atom of hyilrogen in a free condition is a particto 

of matter having definite weight. This particle of matter 

bas the power of attracting and comhining with other 

Atoms. Further, the number of other atoms which it can 

hold in combination is llmitefl to one of the simplefit kind, 

, for instance, one atom of hydrogen. Now, if two 

iotas of hydro|rea be bronglit in contact with each other, 

> powers which tbey poBsess are called Into play, and, 
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^H SB a consequence, the two nnite. As soon as the union 

^H has taken place, the powers cease to be free, they are 

^H performing their appropriate fuuctions. In the place of 

^B the atoms, we have now a molecule of hydrogen wliicli 

^M has not of itself any direct attractive power, enabling it 

^H directly to form chemical compounds. We are not able 

^H to state in what manner the free affinities of the two 

^H hydrogen atoms have satisfied .each other. It is not at 

^H all likely, however, that a firm union between the two 

^B atoms takes place, in such a way as to render the parts 

^B of the molecule immovable witli reference to each other. 

^H Much more likely is it that, after the union, the atoms 

^H perform some kind of motion with reference to each other, 

^H accorrling to the laws of atomic motion yet to be dis- 

^H covered. For our present purpose, it is sufficient to 

^H know that, in whatever manner the union takes place, 

^H the chemical activity of the atoms ceases in consequence. 

^H The union then may be represented by the formula H.H, 

^H or by E — H ; the point, in the one case, and the line, in 

^H the other, merely indicating the fact of union, without 

^M explaining the manner of the union. By the constitution 

^B of the molecule of hydrogen, then, we mean the axrange- 

^H ment of the atoms in it. Not tlie actual arrangement of 

^H these atoms in space, for in regard to this we know 

^T absolutely nothing. 

In general terms, then, by the constitution of a mole- 
cule, we mean the arrangement of the atoms composing 
it. We have determined the constitution of a chemical 

^— compound when we have determined which atoms are 

^L united with each other in its molecule. We express the 

^M constitution by means of a graphic formula, indicating 

^M the union of the atoms present, as, for instance, the- 

^M foUowing are constitutional or graphic formulas : — 



ii.o.ir 



o< 



Mr 



Nil 



n. .H 



n/H, 
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Possible forms of Combination. — The Bimplcst f()rnis 
of combination foitml ninong the elements nre lliosc in 
which one univaltint element is combined with anotlicr 
imivnlent element. We have instances of tliia kintl of 
comhination in iLe molecales of the nriivalent elemtnt.s 
tliemsclves, aa H^ — II, t'l — CI, etc ; and, fiirtlier, in sueli 
compounds as the following; — 

H— CI, H— Br, K_('l, Ni.Br, uto. 

Hjidr.Tlilorie njdn.hrouiti! P.KiMliin. K."llom 

We next have those eompOTiiids in which one Invak'rit in 
combined with two univalent elements, as, for inBtnnee: — 
H-0— H, K— 0— H, CI— 0— H, Na— 0— Na, .^tc. 

One bivalent may lie nnited with one other bivalent 
^ement, &e in tbe followin<; : — - 

Mg=0, etc. 

mnnniU, 

As— CI , 01,0. 
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One tetrad may be combined with four monads: — 



H 


H 


H 


H 


n/H 




„/tj 


r,/Cl 








Methane. 


MoQOchlormethane. 


Dichlormethane. 


Trichlorinethane. 




H 


Cl 






c./Cl 


T>l,/'C1 










etc. 




SilicoQ-chlorofurni. 


Lead chloride. 





One tetrad may be combined with one dyad and two 
monads : — 

C— H ; C— H ; etc. 

Formic aldehyde. Thioformic aldehyde. 

One tetrad may be combined with two dyads : — 



,0 



^O 

Carhoa dioxide 



.0 



.^ 



s 



Cf ; Si^ ; C^ ; etc. 

^O ^S 

Silicon dioxide. Carbon disnlphide. 

One tetrad may be combined with one triad and one 
monad : — 

C^ ; etc. 

Hydrocyanic acid. 

One tetrad may be combined with another tetrad: — 

Probably the molecule of carbon. 

One pentad maj' be combined with five monads : — 
/Cl .H /H 

Ac\ An Xh 

P— Cl ; 



N— n ; etc. 



N— H ; 

\C1 \Br 

Phosphorus chloride. Ammooium chloride. Ammonium bromide. 



. Cl 

\ci 
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One jwntad may be coDibineil with one d^'itil and tlire 
mouads; — 



■nlpbochlnrlilB. Phmphon 



? 

One pentLid may be combined with one tiiaJ anil two 
monads : — 

? 
One pentad may be combined with one triad and one 
dj-ftd : — 

? 
One pentad may be combined with one tetrad and one 
monad : — 

? 
In regard to the foor casea last mentioned, it will be 
notice<l that no examples are given. No combinations of 
these kinds are really known. Aa far as we know, how- 
ever, they are theoretically possible, and perhaps, iu tlie 
future, we may make their aciiuaintance. 

Types. — In the above examples we have illuetratetl all 
the principal fundamental forms of combination. The 
common eharacteriatic of all these forms is this, that in 
each all the elements of lower valence are in comhina- 
tion with one element, this latter being, as it were, the 
typical element of the molecule. Now, all those com- 
pounds in which a- monad is the typical element resemble 
each other closely; those in which a dyad is the typical 
element also resemble each other closely, and so through 
the list. Thus, we have the compounds divided into 
classes according as a monad, dyad, triad, tetrad, or pentad 
is the typical element. In each class we can select some 
one com))Ound which is the type of the class. It is the 
type in the sense tliat the kind of combination found in 
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it is found repeated in all the members of tlie class, 
may thus select the five following tjpes: — 



H_n, H—O— II, s— H , c<iJ , P— CI . 



Now, by imagining the constituents of these types 
replaced by other atoms of equal valence, we can obtain, 
all the examples ab{)ve given, and a very large number 
in addition. Thus, H — CI may be looked upon as de- 
rived from II — II by the replacement of one atom of H 
by CI, an atom of equal valence. So, also, Ca^O may 
be looked upon as derived from H — O — H by the replace- 
ment of two atoms of II by one atom of Ca, the valence 
of which is equal to thiit of two atoms of H. Or, the 
typicaJ element itself may be replaced liy another of equal 

valence, as, for instance, in P — n , whichmaybelookcd 



upon as derived from the type N — H by the replacement 

\h 

of the triad N by the triad P. It is thus dear what rela- 
tion the types bear to similar compounds. 

When the so-called "tlieory of types" was proposed, a 
great deal of impoi'tance was attached to it. The truft 
secret of chemical combination was supposed to hftver 
been discovered. Efforts were made to refer every knowa' 
compound to some one of the tyjiea and thus to classify 
the compounds. These efforts were undoubtedly valU'- 
able. They were the necessary precursors of our present 
views concerning tlie nature of chemical componads. 
Through the theory of types we ai'rivcd at our present 
conception of valence. As long as the tlieory was 
vogue, it was simply necessary to refer any given com- 
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poiird to some particular type. Ab soon aa it was shown 
to which type a compound liKlooged, investigation ceased. 
Tbe internal Arrangenient of the atoma was not inquired 
into. To conceive of the valence of atoms is to take a 
step lieyond tbe theory of types, to find in the atoms 
themselves the reason for the types. Now that we have 
taken this step, it is unnecessary to retain tlie ideas of 
types at all. It has served its purpose and led to another 
idea, imperfect to be sure, but nevertheless more perfect 
than its predecessor. At present, it is not only necessary 
to show the resemblance between some molecide and a. 
typical molecule, but, in every case, we have to determine 
which elements are in combination with each other. 
When, according to this latter pi-ijiciple, the constitution 
of a compound is determined, resemblances will show 
themselves between molecules belonging to tlie same 
type, but these resemblances wilt only be necessary con- 
sequences of tbe resemblances between the typical atoms 
of these molecules. 

Jlesidiies. — Bj- far tbe greater number of chemical 
compounds are more complicated than ihose witli which 
we have thus far been dealing. Let us inquire into the 
cause of the complexity noticed in them. 

If we take any of the formulas above given, as, for 
^H H 

instance, H— CI, II— 0— H, N— H , and C <|J , 

and divide them at any part, we obtain two residues of 
equal valence. Thus, if we divide K — CI, we obtain II 
and CI. both univalent; if we divide U— O— D, we 
obtain II and OH, and these arc both univalent, for, as 
can bo readily Been, the group OH requires a univalent 
atom or group to saturate it ; and this is what we under- 

Ld by a univalent group. If we divide N — H , we 

obtain Hand NH„or H, and NIT; by the former division 

there arc Icit two univatenl, by the latter two bivalent . 



factors, dud i 



this formula, tlie following cases are poaaihle: H i 
CH„ H, aiid CU„ H, ami CH; leaving in the fii-st case 
two univalent, in tliG second two bivalent, and in tlie 
third two trivalent, factors. This principle may be 
carried out further in connection with other and more 
complicated formulas, and thus are obtained the formulas 
of a great variety of these so-called residues; iu most 
cases, however, the division made and the residnes re- 
sulting may be compared to the simpler forms describuii. 
We speak of a water residue, OH, which, on account of 
the exceedingly impoi-tanl part it plays in the constitu- 
tion of chemical compounds, has received a distinct 
name, Jiydrnxyl; the ammonia residne, NH,, is called 
amide; the residue NH is called imide; tlie metiiaiiu 
residue, CH„ is called melhyl; the residue CH„ meiAj/- 
lene, etc. etc. 

If we operate with the groups mentioned instead of 
with atoms alone, we shall llnd that we are able to build 
up a large number of formulas representing known c 
pounds, as follows: — 



/ 



U 



Similar to 


N— H , ammonia, we have:- 




on 


\on 


N-H , 

\h 


/On 
p— on 




P— OH, 

Trlin«ti.7Jplia 


, etc. 

phlne. 
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Similar to 


thane, we have:— 
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These residues are what were formerly known as 
radicles, though the term residue, as at present iindei'- 
etood, is more compreheDsive than, the term radicle was. 
Tiie conception of the residue is an exceedingly simple 
one, whereas there was considerable confusion in regard 
to the real meaning of the word radicle. It muet be 
reniemliered that each of these residues has a constitution 
of its own, which becomes a part of the constitution of 
the compound into which it enters; but if we know the 
constitution of the compound from which the I'esidue is 
derived, wn also know the constitution of the residue. 
These residues are so well nnderatood that, in writing 
graphic formulas, it is customary to indicate their pre- 
sence by means of formulas which are not graphic. For 
instance, in the case of the uonipound ethane, above given, 

the complete graphic formula would be C-=:,t^H ; 
tut, having ojice recognized t!ie presence of the residue 
CH,, we may write instead C <.j ; or, even still 

cn, 

simpler, | , for, as will be Been, the compound con- 

CU3 
eists of a coml)in.itiiju of two methyl groups, CH,. 
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Chains. — A kind of co-inbination which we have not 
yet considered consists in the union of two or more 
atoms of the same element, or of dilTerent elements, by a 
part of their atlinitiea, thus forming chaiim. Examples 
of the first kind are met with partiunlai'ly in the case of 
carbon. If two quadrivalent atoms of carbon unite in 

I I 

the simplest manner possible, we h;ivc a gronp, — C — C — , 

I I 

which must have six free afliuities ; if three such atoms 

I I I 

unite, we have a group, — C — C — G — , which must have 

I I I 

eiglit free affinities, etc.; nnd, as this chain combination 
may, as far as we kuow, be continued indefinitely, and 
the free affinities may be saturated by the greatest 
variety of atoms and reaiduea, it is evident that the 
number of conijiounds, the possibility of wliose existence 
is thus indicated, is unlimiCe<l. 

We have examples of chains also among oxygen com- 
pounds, as we see in the following compounds; — 

H— 0— 0— n, ci~o— 0— H, CI— 0— o— o— n, 

C1_0— 0— 0— 0— H, Br— 0— O— O— n, etc. 



H— 0— S- 



-Cl, CI— S— O— CI, CI— Se— O— CI. 

-0- 0— H, n— O— O— S— 0— 0— H. 

All the chains above given are of the variety known as 
open chains. Thus, in the compound CI — O — 0—0 — H, 
the chain is — — O — O — . At both its ends we Lave 
free affinities, capable of holding univalent atoms. If 
these two free affinities were to act upon each other, we 



might represent the resulting molecule thus 
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Here we have j 

conceptions in r _ 

wu liave in it tlie above !iri'a,ngemeiit of atoms, viz., 

O 

/ \ , Otlnjr cxampies of closed chains are seen in 

O O 

the foimiilas — 

,0 ^O. ,0 

^( \ 1 S< >0 , Baf I , etc. 

Baiwlxid. 8»U-l9™ B.,l.:.^,?^d« 

Double and Treble Union. — We liave alrea^iy seen 
that one atom may be combined with another by means 
of more than one affinity acting in each. In the corn- 
pouud Ca=^0, for instance, two affinities of one atom are 
saturated by two affinities of another. This kind of nniou 
may occnr in connection wilh atoms that have a higher 
valence than two. It is pai'ticularly met with in carbon 
cotapounds, as in C,H„ ethylene. In this compounrl, it 
is believed that the two carbon atoms are united by 



a of two affinities each, thus : 



>C=C' 






Further, in Bome componnda, a treble anion is foimd 
between atoms of the same kind, as in acetylene, C.H,, in 
whiuh it is believed that the e!»ri>on atoms are united by 
means of three affinities eacli, as follows ; — 

n—o— c— H. 

!ompounds, it is believed that tlic 
■lited i;artially by donble and par- 



[iB, for instance, in | 



C=0 

I 



a iisnaUy accepted fi 
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There ftve aleo a large number of componitdB in wliidi 
the carbon atoms nre supposed to be ouited altemateljr 
\>y double and siiigk' union, and to form a closed cfasia, 
as in benzene : — 

H 



C 



CII 



We have tlmu iliuatratcd tlie manners in whldi ntoms 
Ri'e believed to combine to form the various chemical 
compounds Tvith which we have to deal. We are fer from 
aasertiug that the fonnulaa which we have given ore in 
all cases satiBfactorily proved. We entertain aeriouft 
doubts in regard to many of tliera. Nevertheleaa, bearing 
in mind what is meant by the constitution of compounds, 
we believe that the fonniilas given represent, in the 
majority of eases, truths wliieh are capable of proof. 
The proofs must, of course, in each case, remain relative, 
and cannot be absolute. We start with cei'tain assump- 
tions of atoms and the natnre of atoms, and form a c 
ception in regard to the constitution of the simplest 
compounds. Now, in so far as this conception is true, 
in just so far, in the majority of cases, we can prove tbe 
constitution of compounds. Just as soon as our ideas 
in regard to the constitution of hydrochloric acid change, 
our ideas of tlie constitution of all other compounds 
must also (;hange. Whatever is true in our present con- 
ception of tiie constitution of hydrochloric acid, is also 
true in our conception of the constitution of other chem- 
ical compounds. 

The proofs of the chemical constitution of compounds 
are of two kinds : — 

I. Those which depend upon decomposing. the com- 
pounds into simpler constituents,oi' the analt/ftcal proofs, 
and 



a 
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2. Those which depend upon building the compotindB 
up from simpler coiifititueuta, or the si/nthnlical proofs. 

In many cases we are able to obtain both of these 
proofs, and if then we reach the same results by botli 
methoils, these results are I'eiiilered doubly sure. In 
many eases, however, only one kind of proof can be given 
at present, but this may be so strong that tlie results are 
satisfactory. Where all proof is wanting, it is sometimes 
possible to propoao a formula which very probably repre- 
sents tlic constitution. Of this latter kind of formulas, 
viz., those which have not been proved, but may he showu 
to be extremely probable, we have a great many. 

The methods of proof will be fully illustrated in the 
following section, in which we propose to consider the 
formulas of most of those chemical compounds which 
represent classes. The proofs for the formulas commonly 
accepted will be given in each case as fully as is com- 
patible with a work of this nature. We do not necessarily 
undertake to give all the proofs, though we shall give 
enough to show clearly upon what foundations our con- 
stitutional formulas are based — enough to show that 
these formulas are entirely worthj' of our careful study 
and our respect. 



^^ Classes of Compounds. 

Cliemical compounds may be roost conveniently clas- 
silled according to their chemiual properties. No system 
of classification which has been proposed, up to the pre- 
sent, can, in any sense, be called perfect, and yet the sys- 
tem now in most common use is convenient, and has a 
fair foundation in facts. 

If we examine the compound which has the formula 
HCI, hydrochloric acid, and the compound which has the 
formula KOH, potassium hydroxide, we find that the two 
compounds differ very markedly from each other. The 
foi'mer has a taste which we call sour, the latter has the 
taste of lye, or an alkaline taste. The former will turn 
the color of many organic substances, while the latter 
will undo the work done by the former, restoring the 
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originnl color. In whatever way we mny consider these 
two compounds, we shall find that they have opposite or 
ooraplenientaiy properties. They are both chemically 
active eubstancea, capable of producing marked changes 
in large numbers of other compounds. If they are 
bronglit together they nentralize each other, that is to 
say, they destroy each other's active properties and give 
B to 'the formation of a new eomponnd, differing en- 
tirely from the two which gave it birth. The two com- 
pounds, hydrochloric acid, HCl, and potassium hydrox- 
ide, KOH, are representatives of two great clnsses of 
compounds known as a-cida and boKes. Many of the 
members of these two clnasea possess just as marked 
properties as do the two which have been mentioned, 
and for these the siibdiviaioii into acids and bases ia 
rational and simple. But there are, further, some com- 
pounds which appear to possess the chumcteristics of 
both classes to a certain extent, and of neither class to 
anyvery great extent. For these comjionnds the aystera 
is not broad enough, though their unmber is not great. 
Probably, wiien the nature of the two classes of com- 
pounds is fully understood, no difflcirfty will bo found 
deterroiiiing to which class any given compound 
belongs. 

Acids. — The properties whicli characterize acids are 
the following:^ — 

1. They have an acid or sonr taste. 

2. They change blue litmus red. 

3. They net upon metals, hydrogen being evolved, and 
its place being taken by the metals, as, for instance ; — 

2(HC1) -f Zn = ZnCl, + 2U 
H,SO, + Mn =^ MnSO, 

SnlphurHi KcW. MiDgHoeaB »nlpl 

■4. Tliey act upon met.illic hydroxides, forming neutral . 
Biibstances and water, as follows; — 

IlCi -1- KOH = KCl + H,0 

HNO, + NaOH 
H,SO. + Ca(OHX 

GulpliurlE acJd. Cxlclam Diide. 
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I Hydrogen Acids — 411 acids contain hydrogen. They 
y consiHt of liydrogen and only one other element, or 
hydrogen and a gi'oup of other elements of greater or 
[ess complexity. The constitution of those_acid9 which 
consist of hydnigen and only one other element is, of 
course, very simple and readily understood. Tliere are 
hut few examples of this kind, some of which follow: 
Hydrochloric acid, HCl ; hydrobvoniic acid, HBr; sulpli- 
ydric acid, H^S, etc. According to our conceptioiia of 
^l^e nature of chemical constitution, componuds of the 
^^^wve formulas can only have one constitution. 
^^B]t is a noticeable fact that acids of this first and sim- 
^^Hest class nerer contain more than two atoms of hydro- 
^^^n in the molecule; or, that no element with a higher 
Talence than two forms these simple acids. 

Hydroxyl Acids iiy far the greater number of acids 

belong to the second class mentioned. They consist of 
hydrogen and a gi'oup of greater or less complexity, as, 
for instance, H(NO,), nitric acid ; H(C10,), chloric acid; 
H,(SO,), sulphuric acid, etc. In nearly all acids of this 
kind, oxj-gen isjuue of the constituents of the group with 
which the hydrogen is combined. 

The hydrogen in these compounds is the changeable 
constituent. It is readily given up, and metals and 
groups are taken up in its plaee. The first question that 
would suggest itself, in considering the constitution of 
acids, would be this : In what maimer is the hydrogen 
in them held in combination t It is believed that investi- 
gations thus far made, justify the answer that the hydro- 
gen in these acids is almost always in combination with 
oxygen and, in a very few cases, with that element which 
is so similar to oxygen, viz., sulphur. The proofs fur 
this statement cannot always be given. In the cases of 
many acids, there exist no independent proofs that in 
these the hydrogen is combined with oxygen. On the 
other hand, there are so many acids in which it can be 
salislactorily shown that the hydrogen is in combination 
with oxygen that the above answer seems to be justified. 
We accoRlingly write the formulas of acids in such a 
way as to indicate the fact of union betwL-en oxygen and 
hydrogen thus;— ■ 
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(HO)NO, (ITO)CIO, (HO),SO, 

Kiirlcndit, CLIotic ncld. Snlptaacic kcid. 

Or these same formulas may he made still more d 
nite by writing tliem as follows : — 

H_0 
II_0— N0„ II—O— C10„ >S0,. 

H— Q/ 

Pi-oo/N^TJnder contain c i re om stances, an atom 
osygeii and an atom of hydrogen may be removed iVora 
an acid containing oxygen, and one atom of chlorine 
then enters into the place occnpied by the diaplaeed 
atoms, and ia held in combination. Now, the nimpiest 
conclusion we can draw ia that the oxygen and hydrogen 
were present in the compound as a univalent group, 
as (OH), or hydroxy!. 

We Lave the following instances; — 
,011 
SOj<^ yields the componnda — 

,CI CI 

S0,,< and SO/ 



PO— OH 


yields 


ro-ci 


^OH 




\ci 


PiiotpbdHc ic\a. 




Phn^pLorus nxl 


C,H.O(OH) 


yields 


C,H,0_C1, 



Another reaction, which shows plainly that in these 
acids hydrogen is intimately associated with oxygen, ia 
that by whieh the group NH, ia introduced into them in 
the place of an atom of oxygen and an atom of hydrogen. 
The fact that the elements, oxygen and hydrogen, are 
displaced together indicates a connection between them 
in the compound. 

We have tlie following instances ;■ 
C,H,0(OH) yields 

0,H,0(OH) yields 
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These, Trith other general reactions, mnka np the proof 
of the Btateinent aliove made, that, in most of those acids 
whk'h contain oxygen, the characteristic liydrogeii ia in 
combination with oxygen in tlie form of hydroxyl (OH*. 
In some few cases, as alreaiiy mentioned, the oxjgen is 
replaced by stilphur. 

Further Experiments 'necessary in most Caifes. — If we 
accept tlje presence of lij-droxyl in oxygen acids, we are 
prepared to take another step. This bydrnxyl may be 
in eombination with only one element or with a group 
of elements. If it is in combination with only one ele- 
ment, the constitution of the resulting ocid is easily 
understood. For instance, in ttie compound ClOH, 
hypoclilorous acid, only one method of combination sug- 
gests itself, viz., CI — — H. There are very few examplca 
of tills kind. 

In those acids in which the liydroxyl is in combination 
with a gronp, the constitution is only then determined 
when, in addition to showing the presence of hydrosyl, 
the special constitution of the gronp itself ia determined. 
In sulphuric aeid, for instance, after having determined 
the presence of two hydroxyl groups, we have the for- 

,0H 
mula S0,<' ; but this formula only partially ex- 

\0H 
presses the constitution of the acid. It remains to be 
shown in wbot manner the atoms ai-e combined in the 
gronp SO5, and also, with what atoms the liydroxyl 
groups are combined. Under the assumption tliat both 
sulphur and oxygen nre bivalent elements, the constitu- 
tion of auljihuric acid may be expresseti by two different 
Irmulas, viz.: — 
0—0— H ,S— O— n 

S< and 0< 

\0_0— H \0— 0— n 

Special experiments must decide which of these for- 
ulas is the correct one. 

Other Acids. — It has been mentioned that, in some 
acids, sulphur plays the part which oxygen plays in the 
liydroxyl-acida. In these we have the iiuivuleut gi-ot 
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(SH). Tlie grounds for assuming the presence of this 
group in a componud &ve similar to tliose which lead to 
the assumption that the group (OH) is present. The two 
atoms 8 and H can both be removed from the compound 
and be replaced by one univalent atom, aa chlorine ; and, 
further, there is a general tendeucy for theae two ele- 
ments, sulphur and hydrogen, to leave the compound in 
company. Examples of ncids of this kind arc 

SO,/ and CN(SH). 

\0H 

HrpaacLphiirous bcIi], Salpliucj'iitild keid. 

Lastly, there is one acid which can be classified under j 
none of the aliove heads. It contains hydrogen probably I 
in combination with carbon, the latter being at the same f 
time in combination with nitrogen. This is hydrocyanio I 
acid, 11 — C=N, in which the group CN acts like an 1 
element, making the compound analogous to hydrochloric 
acid, HCl. 

iiubdioistoii of Aculs.^lt will be seen that different 
aciils contain different nnmbers of hydroxyl-groups i 
their molecules. An acid which contains only one such 
group in its molecule baa, of course, only one character- 
istic hydrogen atora. It is called a monobasic acid. 
acid which contains two such groups in its molecule 
bibasic acid. We have, further, Iribasic, letrabasic acids, 
etc. 

LThe same distinctions are possible among tboae acids 
whicb consist of bydrogen combined only with an ele- 
ment, and consequently do not contain bydrosyl ; but as 
of these latter acids we have none which contain more 
than two atoms of hydrogen in the molecule, so we havci 
among them only monobasic and bibasic acids. 
Examples: — 
HCl, hydrochloric acid. ,0H 

NO,(OH), nitric acid. SOZ , aulphoric acid. 

C1{0HJ, hypochlorous acid. ^OH 



I 



C1{6H), hypochlorous acid, 

C,OX , cxali 
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r 

^H -OH P,0,(OU).,pyroiiliosphoric 

^fco— on , phosphoric acid. *'^"^- 

^^kO — OU, arsenic aciil. 

■ Non 

Bases. — BasGB hare properties whicli are tfie opposite 
of those posBBHsed by acids. They all contain oxygen 
and liydrogcD, and these elements are combined as 
hjdroxyl, as may be shown in the same waj- that it was 
shown for acids. The most striking characteristic of 
bases is their power to act upon acids, forminy: nentral 
BHbstances and water, as is seen in the following re- 



I 

^^r^Imost all bases consist of a metal combined with 
liydroxyl. Some few consist of a group of atoms com- 
bined with hydroxy!. 

According to the valence of the metals with which 

I he hydroxyl is combined, we liave bases with one, two, 
tree, etc., hydrosyl-groups in the molecule. Examples 
Vihese are the following; — 
KSfOB), polK-alnia tyilmtds. A1(0H)„ ■lumlnlBm hrdi 
^]||^/Aii\ _,j[™„. i,_j .:j- n.-rtiii ,1, : i.,'j_ 

WBh 
>etw 



KOR -f UNO, = K>'0, + H,0 
CftSO. -f 211,0 



_1H«(0H), Mdian , , ,„, .... 

VChIOII). giln'nni hrdtuild*. 'TUOH),. tlUulum byilrux' 

tAatOBJ^IiiiHgnhyrlrdiide. ZtiOH),, drsDcium bfiiroi 



'Differences between Acids and Sases. — The difference 
:tween acids and bases is dependent upon the nature of 
the elements or groups with which the hydrosj-l is com- 
bined. The hydroxyl compounds of those elements 
which have a markedly metallic chai'aeter are bases. 
The hydroxyl compounds of those elements which have 
a markedly nou-metallic character are acids. If we con- 
aider the hydroxyl compounds of those elements whict 




r 
I 



lis 



. COMPOUNDS. 



are neither rnarkeilly metallic nor non-metallic, we find 

that thuy Gometimes act us acids and aometiines ae bases. 
Tims the compound SbO(OH', antimnnyl hydroxide, is 
a weak base and a weak acid, estiibitiiig one property or 
tlie other aceording to the nature of the compound with 
which it is brought iu contact. 

Complex Bases.— Ab above stated, there are a few 
bases which consist of liydroxyl combined witli a group 
of atoms. Such, for instance, are 



In these componnda, as in the corresponding acids, the 
constitntion of the group must be determined before we 
know the constitution of the compound. In the above 
cases, this determination is a simple matter. Bismuth 
conducts itself usually as a trivalent elemeijt; iienco with 
the simplest kind of combination the group — Bi=0 will 
univalent. Consequently the compound has the for- 

ila 0=Bi— 0— a. 

Salts. — The neutral substances to which reference has 
been made as being formed by tlie action of acids upon 
bases are called salts. Salts may bo considered either as 
ncids in which the hydrogen has been replaced by a base 
residue, or as bases in which the hydrogen has been re- 
placed by an acid residue. As the base residues are 
usually simpler than the acid residues, tlie former view 
'i most commonly held, although the two views are, of 
ourse, identical. 

It is a simple matter to deduce the constitution of a 
BBlt from that of the acid and base or bases from which 
it is derived. Usually the hydrogen of the jicid is re- 
placed by one or more metals, the latter being held in 
combination by the same force or forces that held the 
former. Thus we have 



3/ 



on 



.OK 



-OE ^OK 

Balpknrlc Held. PatuElum niilpliiili 

NO— OH and NO— ONa 
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Or, a bivak-nt elempnt may enter into an 
wbiclicaae two hydrogen atoms will be replaced, 


acid 

thus 


in 


,0H 

SO,: and 
^OH 






Xn_nfT nn.l 


NO,— 0, 


« 





NO— 0/ 

MtrloiDld. Birliiuiiiltrale. 

Further complications are introduced when trivalent 
and quadrivalent elemeiita enter into the composition of 
salts. From what has been said, however, the consti- 
tution of these salts will be readily understood. 

Complex SaHs. — Just as we have a few bases which 
consist of hydroxyl combined with groups of atoms, so 
we have salts which may be considered as derived from 
adds by the replacement of hydrogen by groups of atoms. 
Thus, a salt obtained from the acid SO, — OH, and the 
base TJO — OH, has the constitution espressert by the 
formula NO,— O— UO. Here the liydrogen of the acid 
is replaced by the group UO, which is univalent. 

Anhydrides. — The constituents of water may be ab- 
stracted from many acids, and thus ia formed anew class 
of compounds called anhydrides. The most striding 
characteristic of these compounds is their power to form 
acids with water, or to form salts by direct union with 
bases. The following are examples of anhydrides: Sul- 
phuric anhydride, SO,; nitric anhydride, NO^; phos- 
phoric anhydride, P,Oj ; acetic anhydride (C.jH30),0, etc. 

When an anhydride is formed from a monobasic acid, 
two molecules must combine to furnish the hydrogen for 
the water. After the abstraction of the water, the two 
acid residues remain united, through the instrumentality 
of an atom of oxygen, thus ; — 

NO,— OH) NO,. 
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H aH^o— oil) 




C,H,0. 1 

= ■ >0 . 1 


H c,ii,o— on 


— H,0 = 




■ 2..,o].ouJ«.A»>laac 




^iDnilc iDbrdrlda. 1 


H Wliea an anbyi 


ride is formefl from a tiibaaic acid, a ' 


^H inoleuiile of water 


may ha given off from a molecule of 


H acid, thus :— 






^B '\0H 






— H.O 


S0=0 ; 


^^H SDlphoDocl 




Siilphorlcnubjilrlde. 


^B ,0H 






— H^O = 


co=o . 


^1 ^OH 






^H CnrboDlc iirld (hj'iKj 


bBlldlll. 


Catbonlc BBbydriilo. 


^V Or, two muleciika 


of a bibasic acid may unite and gii-e J 


^M off one molecule o 


f water, forming 


a compound which is, 1 


^M at the same time, 


m acid and an anhydride, thus : — ■ 


I .OH 




/OH 1 


■ so/ 

■ ^OH 
'^OH 




so/ J 


— H,0 


- >. 1 

so,( 1 

\0H 


SnuilEcnlflsBuLphuriDB 


Id 


P;?ro.nlphnrio Mid. 


When an aiilij 


iride ia formed 


from a Iribasic acid, 


several [lOBsiliilitiea may present 


themselves. 1. One 


molecule of the a 


id may lose one 


molecule of water, a. 


cum pound being 


brmed which la 


anbyili'ide and acid, 


thus:— 






on 




/^ 


PO— OH 


— H,0 


= PO-OH 


■ \0H 




Ualaphohpboiic Mid. 


H Phosphoric .old. 






^^ 2. Two molecules of the acid m 


a_v lose one molecule 


P of wiiter, a oompo 


Old boing formcc 


which is ft tetrabaaio 


W aeiil, aiKl, at tlie same time, an auliydride :— 1 
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/OH 
PO— ou 



/Oil 


ro— OH 

^.0 


PO-OII 

\0H 



3. Two molecules of the acid may lose tlii'ee moleculea 
of water, a compete ftniiydride being formed: — 



PO— OH 

"^OH 



PO— on 



By eomliiuing a Inrger miinber of molecules of tlie 
acids and abBtracting dilltrent ninnliers of moleciilea of 
water, a great variety of an It yd rides might Ijc produced, 
at least theoretically. Not many such comijlicaled pro- 
diiete are positively knoim, hnweyer. 

From tetrabasic acids and adds with even higher 
basicity, corresponding anliydridcs maybe derived. With 
an increase in the basicity of the acids, the complexity 
of the residting anhydride ia, of course, increased. 

Proofn of the Covsiilu/ion of Anhydridm: — In regaled 
to the correctness of the formulas given for these anhy- 
drides, it can only be said that they are the simplest 
which we can conceive of. If wc acknowledge that 
acetic anhydride, (C,H,0)jO, consists of two acid-residues 
combtneil by an oxygen atom, then, by analogy, we must 
afknowlwlge that the other anhydrides, mentioned above, 
are constituted as represcntetl by the formulas. But, 
can we assume any other formula for acetic anhydride f 
We know that the acid has the constitution C,H,0(OU}; 
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we know that the anhydriile haa Ihe empirical formula, 
CjH„0„ and that it is formed by the simple alis traction 
of water from the acid; we know that the hydioxyi 
group has the power to separate from the acid with compa- 
rative ease. What,thet)fiB more natural than to aseume 
that tlie water which is given off from the acid is formed 
from tlie hjdroxyl groups, and that the groups C,H,0 
remain uii decomposed 7 But this would give us, besides 
the water, two groups, C,HjO and an oxygen atom. 
1'Iiese are all comhined. in one molecule, and, as we 
believe, in snt-h a way lliat the osygcn atom exercises a 
linking power Ijclween the two groups or acid residues, 

giving the formula — )0 . 

When an anhjdnde is formed by the abstraction of 
water from one mokcule of an acid, the simplest eonebi- 
sion we can draw is thit an oxygen atom fills the place 
before occupied bj tno b^droxyl groups. We have no 
jiroof ol this, to be sure, but it would be gratuitous to 
offer any othei e\planition of the formation of these 
anhydrides at present 

Oxidet — Just ns anh.idiidcs may be obtained from 
acids by the abatraction of water, so the oxides may be 
regarded as anhj-dridea of the bases. The consideraUon 
of the oxides is simpler than that of the anhydiides, 
because the bases themselves are generally simpler thnn 
the acids. 

The simplest oxides are those obtained from the 



KOHi 



hydroxidi 
^t follow : — 



ivalent elem 



, examples of whieh 



sides (ibtained from the hyili'o^i'lcs of liivnlent 
ments, we liave, among otiiera, tlie following:— 



Theoretically, an intevmeiliate anhydride mny Ire de- 
riveil, from eitlierof the two preceeding osides,aiialogoua 



to the formation of |>yTOSiil]ihiiric ftciil, 



to molecidea of sulphu 
.oni 
c< I 
\on I, _ 
/OH 1 
<ohJ 
ol. Calclnm lifdraiids. 
No sueh cnmnnitndH h; 



tnbrdrk 



No anch compounds have lieen olitaiued aa yet. From 
the hjdraxides of trivaleut elements we may have more 
than one oxide formed. If one molecnle of the hydroxide 
loses one molecnle of water, a body ia formed which is 
oxide and hydroxide at the aame time. Reference has 
lieen made to these compounds (eee anle, p. 118), under 
the head of baees. The compound AlO — OH. may be 
regarded as denvetl from the hydroxide Al(OH)„ by 
the loss of one molecule of water from one molecule of 
the hydroxide. It is both oxide and hydroxide. 

The moat common method of formation of oxidea from 
hydroxides of trivalent elements consists in the union of 
two moleeulea of the hydroxide to lose three molecules 
of water, tiius: — 



,0H 

Ai— on 

— an.o = ; 

.OH ■ Al,( 

A I— OH 
^OH 

The principle of the formation of tbese oxides is tlius 
seen to he the eame as that of tlie formation of anby- 

riiles. Whftt was saiil in regard to tbe constitution of 
the latter liolils good in regard to the consiiUitiou of the 
former. The view stated iu the simplest whieh the facts 
permit. 

Analogy between Salts and Anhrjiirides mid Oxidi'B, — 
8 we saw above, a salt is either an acid in which the 
hj'drogen is replaced by a base residue, or a base in 
whicii the hydrogen is replaced by au acid residue. In 
tliose salts whicli are derived from acids containing 
hydroxyl, we have a base residue and an acid residiiB 
united by means of oxygen. On the other hand, in 
many anhydrides, we have an acid residue and an acid 
residue united liy mciins of oxygon, while in oxides, we 

ve two base residues united by means of o^cygen. 



Compounds of Carbon. 

We have thus briefly considered tjie different classes.. 
of compounds, and have shown u[jou wh.at foundationa 
our ideas in regard to the general constitutiou of theee- 
elusaes of compounds rest. Among t)ie compounds ol 
carbon, we liave many re|)resentativea of each of th« 
classes above considered, and all that has been said holda 
good for these compounds; but owing to some poculiart- 
ties of carbon, which distinguish it from the other elements, 
eertatn things hold good for tbe carbou coinponnds in 
[eneral, which do not hold good for the convsponding 



r 
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corapouiids of other elements. In the following para- 
graphs, therefore, the general formulas of the different 
ises of carbon compounds will he briefly treated. 



Jffydrocarbans. — Of the coroponnda of carbon those 
hichit forms with hydrogen are, in general, the simplest, 
and, of the hydrocarbons, marsh-gas, or methane, CH„ 
is the simplest one. With onr presejit ideas iu regard 
to constitution, there can be but one formula for tins 

IT 
impound, viz.: H — C — H , whicli represents merely 
Ht a quadrivalent atom of carbon is saturated by means 
r four hydrogen atoms. Thia is the most rational sup- 
oaitioa which wo can make with reference to this com- 
pound. The formula is eertainlj- not proved, but it is 
exceedingly probaljle. As marsh-gas is a very important 
member of the group of carbon compounds, iet us inquire 
more particniarlyconcerning the grounds upon which the 
above formula is baSed. We firstdetermine the empirical 
formula, CH„ by means of analysis, and the determination 
of the specific gravity of the vapor of the compound. 
This formula is the expression of a fact and an hypothesis. 
Tlie fact expressed is that methane coa*tHins 75 per ceut. 
carbon and 25 per cent, hydt'ogen. Tlie hypothesis is 
tliat the molecules of all chemical compounds, in the 
form of gas or vapor, have the same volume as a mole- 
cule of hydrogen. This hypothesis tells us the weights 
of the atoms contained in the molecule of methane and 
the weight of the moleeuie of methane, and hence, further, 
tbe numlrei' of atoms of carbon and hydrogen contained 
in the molecule. Knowing the above, it remains for us 
to determine in what manner these atoms are imited, or, 
what is the same thing, to determine which atoms are in 
combination with each other. From our knowledge of 
hydrogen, we assume that it aots in this compoimd, as in 
all its other compounds, as a univalent element. But if 
it does act thus, then two hydrogen atoms cannot be 
united in the molecule CII„ for, if they were, they could 
n<i( leuiaina part of the molecule, as their afHui ties would 
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be eatiafii'il by their action npon each other. Conse-I 
quently, the liydrogtn atoms must all be in combination I 
tith the carbon atom. This result we express by the ' 




formula II— C— H , ivliich is, further, in accordance I 
I 

H 

■with what we know concerning carhon, this element being 
in almost all cases quadrivalent. 

A question wbich would naturally suggest itself in 
connection with the compound CE, ia this: Po all the 
hydrogen atoms play the same part in the molecule ? In 
regard to this point, we can only say that, as far as 
investigations gu, an affirmative answer to tliis question 
seems to be justified. If these hydrogen atoms were dif- 
ferent, then, by replacing different ones by the same ele- 
ment or group, products should be obtained which are 
not identical. No such results liavebeen reached, although 
the hydrogen atoms in methane have been replaced, in a 
great variety of ways. 



Hoviologoun Series, — Starting with methane, we have s 
eries of hydrocarbons of the general formula CnH2„^.2. 
These resemble each otUer in many respects, and differ 
from each other in tlieir formulas in a very simple way. 
The difference in the formulas of any two contiguous 

smbers of this series is CH.^. Sueli a series is called 

L homologous series. A number of similar series ia 
known. In the methane series we have: Methane, CH,; 
ethane, C^, ; propane, 0,,IIg; butane, C,Hj„, etc 

The genera] principle according to which the membei'a 
of this series are formed ia found in the combination of 
the carl)on atoms in open chains. Thus, as we have seen 
above, if two carbon atoms combine in the simplest 
manner possible, viz., by one of tlieir atBnities each, a 
chain is formed having six &ee affinities, as follows: 

I I 

— C — C — . If throe carbon atoms combine in the same 
way, ii chain is formed having eight free affinities, thus : , 

I I I 

— C — C — C — . In the same way, four carbon 

I I I 
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comliining would give n chain having ten free affinities, 
etc. etc. Bj' eat u rating these free afflnitiea by li.vdrogcn, 
we would get componnds of the formulas 0,11,,, C.H^, 
C,II,„, etc. etc., whieli are tli« formulas of the liydro- 
carbons above girun. 

Experimental Proofs. — Certain esperiments have been 
performed which prove the correctness of the views in 
reganl to the nature of the combination in the methwue 
series of hydrocarbons. 

If raethane ia treated with chlorine, the following 
reaction lakes place : — 

H H 

I I 

H— C— n 4 Ci— Cl = H-C— Cl + CI— H . 

1 I 



Jf the prodnct ia treated with sodinm, the chlorine is 
extracted, and a compound of the formula C^H, is ob- 
tained, according (o the following equation: — 



H— C— Cl + Cl:— C— n + 3Na = H-C— C— n + 2NaC1. 

Mil t I 

n 11 II n 

ImoleenlaiChlurniaibiiiie. EIIibus 

With ethane similar reactions may be realized, and i 
prodncl, CjH^, obtained, thus: — 

H H n [t 

1. H— c-c— a + ci-ci = a— c— c— Cl + hci ; 



H— <J-li- .Cl + Cl— C— H + 2Hb = H— G-C— I 



It is perfectly plain that, by continuing these reactions 
with the new compounds obtained, we wou! ' ' 
GUI' power to build np a whole series of hydracarbons 
corresponding to the series given above. If the coinbi- 



itnbi- A 

i J 
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nRtion alwaya look place in the manner (iesciibed, we 
eliould have simple chains, in which all the carbon atotUB 
except those at the ends, would have two free atlinities, 
while those at the ends would have three free affinities. 
The hydrocarbons themselves would be respectively; — 

H30.0H,.cii,.cn,; H,o.cn,.cn,.cn..cD:3, etc. etc. 

These are called norm ai hydrocarbons, to diaiiagmsii 
tbem from others of the same general composition, but 
of different constitution, which will be treated of in a 
later paragraph. 

Alcohols. — Running parallel to the series of hydro- 
earlMins which we have just considered, is a series of 
compounds which may be looked upon as derived from 
the liydi'ocarbons by replacing a hydrogen atom in each 
by tlie univalent group OH, or liydroxyl. These com- 
pounds are to organic cheraislry what the hydroxides of 
the metals are to inoi-ganic chemistry. They are known 

: alcohols. The simplest of these is derived from 
H 



ind baa the formula 



I 



H 



Proofs. — One of the hydrogen atoms of those alcohola 
which contain but one oxygen atom, differs from the 

L others. It is easily replaceable by certain groups known 
as acid groups, which we shall consider hereafter. It !»■ 
also replaceable by metals. In a compound of the for-j 
mula CH,0, we must assume that one hydrogen atom is' 
in combination with the oxygen atom, while the other 
three are not, in oriler to accoimt foi' its cbaractei-iatio 
behavior. Ag.iin, if we treat the alcohol with IICl, the 
oxygen atom and the peculiar hydrogen atom are given 
off together, and their place is taken by a single atom 
of chlorine. This shows that t!ie hydrogen and oxygen 
were present in the form of a univalent group, or «■ 
hydroxyl, which is the only form that satisfies thee« 
conditions. 



n,c— on + n{xo,) = nf'— <kno,) + 11,0. 
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n,c_ci + HO. 



ri 



H,C— on -f Na = H,0~ONa + H. 

H»ll}'l iLlubol. SuUlaid. Sadiiiiii DielhjiKte, Hjdrogen. 

Further, tlie hydroxyl group can be introduced into 
the hydrocarbons and the ali-ohols tluis obtained. In 
order to obtain the alcohol CH,0, we start frora ehlor- 
niethnne, OH.Cl. If tliis is treated witli the hydroxide 
of silver, the following reaction is realized; — 

CH,C1 + Ag(OII} = Cn,.OH + AgCl. 



Ag(OII} = 

The above proofs suffice to s 



iw the correctneaa of the 



I 
H 

series of alcohols, 
of hydroxyl in tlii 
flnd'it intiie otiiei 
may lie detected ii 
considered. 



H — V — — H for the first member of the 



Having once recognized the presence 
1 alcohol, we wonld naturally expect to 
alcohols. It is fonnd in them all, snd 
indii'ated in tlie case jiiKt 



Clamies of Aleobola — It bas been found that there are 
three distinct classes of alcohols, which have been called, 
respectively, primary, secondary, and terliory. These 
differ from each other, in tlieir properties, very martedly. 
This difference is pailieularly noticed when they are suli- 
jeeted to the influence of oxidizing agents, when they 
nndergo change, as follows; — 

Priviary alcohols are converted first into aldehydes, 
and then into acids containing the same unuiber of carbon 
atoms. 

Secondary alcohols are converted into acetones, which, 
when further oxidized, yield acids with a smaller number 
of carbon atoms, 

Tertiary alcohols ai-e decomposed without previous 
formation of aldehydes or acelones, yielding acids with a 
•mailer number of carbon atoms. 

Primary Alcohols. — Thesediffei'ences in the properties 
! undoubtedly due to differences in constitution. 




perties A 

111 M 



,■ alcohols we find that the f 



I 



f in metlijl alcohol, 



— C—O— H , is present. Tli 

A 

which is a comiioiiml of tbia groii]) willi hydrogen, thus: 

Y 

IT — C — 0— n , In ethyl aleohol, the nest member of 

II 

the series, this group is also present. This follows us 
soon as we acknowleflge tlie presence of hyilroxjl in tUe 
II II 
I I 
alcohols; for, in the connioiinrt II — (' — C — H , it 

i A 

makes no clifl'ercnee which hyiJrogen atom is replaced by 
hydroxyl, the resulting coinpnuml will, in every ca§e, 
have the same constitntion and will necessarily contain 
. the group Cn,,OH. In all alcohols which conduct them- 
selves as primary, the presence of the group CHj.OH 
can be proved in a similar way. They are all derived 
from methyl alcohol by the replacement of a hydrogen 
atom with hydrocarbon residues of various composition 
and constitution. 

By repbicing a hydrogen atom with methyl, CH,, ethyl 
alcohol, CH.,.CH,,.0T1, is obtained. 

By replacing a hydrogen atom with ethj'l, CjH^, propyl 
alcohol, C^j.CH,.6n, is obtained. 

By replacing a hydrogen atom with propyl, CjH„ 
butyl alcohol, C^n.-OH^-OH, is obtained, etc. 

Secondary Alcohols If we replace two Iiydrogon 

atoms of methjl alcohol with hydrocarbon residnes, 
nlcohols are obtnined which do not contain the group 
CIL.On, us ia evident from the following examplcBr — 



I I I 

H— C— O— H , H,C— 0— O— H ; H.C— C— 0— JI . 

These bodies conlnin the group CH.OH, and are repre- 
sentativeB of secondary alcohols. 

The simplest example of this class of bodies is iso- 
. propyl alcohol, the foimula of which is given above. 

Proofs of the General Formula of Secondary Alcohols. 
— There are two aluohi>Is of the formula, C,H,0. One of 
these condncts itself like the primary alcohols, and is 
hence supposed to contain the group CH,OII. An 
nicohol isomeric with the primary alcohol cannot contain 
the group CHj.OII, but must contain the group CH.OH, 
a9 may be readily shown. Both of the alcohols are 

? f f 

derived from the same hydrocarbon, II — C — C — C — ^H . 
I I I 
II H H 
In this liydrocarboii there are only two kinds of hydrogen 
atoms, viz., those in combination with the central carbon 
atom, and those in coutbiuatloa with the terminal carbon 
atoms. If we replace any one of the latter by hydroxy!, 
we obtain primary propyl alcohol containing the group 
OH.j.OH. Whereas, if we replace one of the former 
hydrogen atoms by hydroxyl, we obtain secondary 
propyl alcohol containing the group CH.OH. Only 
these two cases are possible. 

Hut, again, this secondary alcoliol is prepared hy 
allowing nascent hydrogen to act npon acetone. It will 
be shown that acetone can only have the coustitutiou 
CII, 

C^O . Now, in being converted into secondary 



propyl alcohol, acetone lakes up two atoms of hydrogen, 
and the only place where these hydrogen atoms can hiul 
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entrance into the above molecule is at the central carbon 
atom. One of the bonds of iiiiioTi between the oxygen 
and carbon is loosened, and liydi-oxyl is formed: 
carbon atom becomes possessed of a fi'ee affinity, which. 
is at ouce saturated with hydrogen, and we have the 

group OH.OH or H— C— 0— H, which is bivalent. 

Similar con aiderat tons in connection with other 
ondaiy alcohols lead to similar results, and henct 
conclusion is diawn that all secondary alcohols contain 
the group CH.OH. 

Tertiary Alcohols. ~~ If we replace three hydrogen 
atoms of metliyl alooliol by hydrocarbon residues, 
alcohols are obtained which contain neitlier the group 
CHj.OH, nor the group CH.OH, as maybe seen in the 
following examples: — 

H CH, c,n, 

I I I 

H— C— 0— H , CH,— C— 0— H , Cn,— C— 0— H . 
I 1 I 

H ClI., CH, 

Melh jl iLcohul. TarlLarj bilyl alcohol. Tortlnry »in ji «l»h"l. 

These bodies contain the group COH, and are repre- 
sentatives of tertiary alcohols. 

The simplest example of this class of alcohols is ter- 
tiary butyl alcohol, O.H,,,©, the constitution of which is 
indicated by the formula given above. 

Proofx. — The proofs for the correctness of this formula j 

e the following: — ■ 

There is a hydrocarbon, the formula of which can be J 

cn, 

I 

shown to be ClI, — ^C^CII, . From this, two alco- 



hols are derived, one of which conducts itself as a primary 
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alcohol, and. the otlier of whioli does not. 
-C— CH,— o 

I 
II 



must have the fiirmiila CII^- 



>nly alcohol derived fi-om this liydi'ocarhon wliich i 
1 primnry alcohol must Uave tbe formula 



I' 



-OH , 



I', oontuiiis the group 



which is trivalent. Further, similt 



irfttiona of other tei'tiarj- alcohols indicate that in 
also the group C.OH is contained; aud consequently 
tills IB looked upon as the cliaracteristic group of these 
bodies. 

Delerminalioi} of Alcohols. — With tUe knowledge thus 
gained with reference to alcohols in general, it is plain 
that we have it in our power to determine in any par- 
ticular case, 1, whether the body we are dealing with is 
an alcohol ; and, 2, whether it is a primary, secondaiy, 
or tertiary alcohol- The first thing to he clone is to 
determine whether the body contains hydrosyl or not. 
Treatment with the chlorides of phosphorus, either the 
terchloride or pentachloride, is one of the best means of 
making this determination. I f by treatment with the 
chloride a product is obtained containing one atom of 
chlorine in the molecule in the place of an o.tygen atom 
and a hydrogen atom, we can assume that hydroxyl was 
present. Jf this hydroxyl is the alcoholic hydroxy!, then 
its hydrogen must be capable Of replacement by the so- 
called acid groups. To determine this, acetyl chloride, 
f',II„O.Cl, is very frequeutly employed. If this body is 
nllnwed to act upon a substance containiug im alcoholic 
hyilroxyl group, tiie clilorine of the chloride coinbiu4 



olic ^^^^ 

m 
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witii iLe byilvogeti oF tlic hyrtifixyl, foi'ming iiyiiroohloricj 
acid, aud tbe acid group C^H^O takes tlie place of tlie 
liydrogeii, thus: — 
R— OH + C.H.O.Cl = R—O— C\H,0 + HCl. 

*]uuli,il, icfijl chlorld*. Mew produol.' 

If the rtiactiou tahes place in this manner, we are 
justified in concluding that the hydi'oxyl group is alco- 
holic, or that the body under examination is an alcohol. 

It remains still to detei'mine whetliPr the alcohol is 
primaiy, secondary, or tertiarj'. This can he accom- 
plished liy subjecting it to the influence of oxidizing 

If it yields an aldehyde, and tlien an acid containing 
the same mimlwr of carbon atoms, it is a primary alcohol. 

If it yields first an acetone, and then by fnrther oxida- 
tion breaks up, yielding an acid or acids containing it 
imaller number of carbon atoms, it is a secondary alcohol. 

If, without first yielding an aldehyde or an acetone, it 
ireaks up directly with the formation of an acid contain- 
ng a smaller number of carbon atoms, it is a tertiary 
alcohol. 

The above tests then enable us to determiue a part of 
the constitutional formulas of mauy compounds. If we 
have by means of these teats determined that a compound 
is a priraajy alcohol, we SBBume that it contains the group 
QHj.OH. If it is a secondary alcohol, it contains the 
group CII.OH. And, if it is a tertiary alcohol, it con- 
tains the group C.OK. But these groups may enter into 
a great variety of couipoonds; and fretiuently, after we 
have deteinniucd the presence of one or the other of these, 
groups, it would still be necessary to determine tlie con- 
stitution of the gi'oiip with which it ia combined. These 
special determinations will he considered later. 

Mercaptanit. — If in place of bydroxyl, in the alcohols 
we have considered, we introduce the group HS, bodies 
are obtained wliich have been called mercaptans. These 

s in many reet>ect3 annlogoiis to alcohols, though in 
their i-eactions they differ from tliem somewhat. Their 
constitution is the same as that of the alcohols. Tbe 
principal method for their fiirmntion consists in the action 
of potassium sulphydrate, KSll, on the chlorides of 
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alcohol residues. Tlieae luttur are ohtnineil by repliu-ing 
the hydroxyl ot'alcotiols by cbJorine, and the reaction for 

the formation oF the mercaptaus takes place as follows: — 
RCI -+- K— Sn = R— SH + KCi. 



It wiU thus be seen that the group SIT occupies the place 
wUith was oeoiipied by tlie group OH in the original 
alcohol. Theoretically, a mercaptan iiiay be preimred 
corresponding to every alcohol. Tlins we might have 
l)rimary, secondary, and tertiary mereaptans, correspond- 
ing to all tlie known primary, secondary, and tertiary 
alcohols. Only such mercaptans have lieen prepared up 
to the present as correspond to the piimary alcohols. 

Acidg. — What has been said above concerning acids in 
general is true of the acids of carbon. They contain 
hydroxyl, and possess the properties which we have 
recognized as belonging to a(;ids. In general, they are 
weaker than other acids, though they dift'er among each 
other in strength between comparatively wifle limits. 
We hfl.ve several series of acids of carbon, corresponding 
to tlie series of liydrocarbous and alcohols. The simplest 

'hon noid is denve<l from methane, anil has the formula 
H 
I , It diflfera from the simplest alcohol in 

=0—0-11 









ooniaining an atom of oxygen in the place of two atoms 
nf hydrogen. .Just as this alcohol consists of hydrogen 
combined with the gronp CH^.OH, so the acid consists of 
hydrogen combined with the group CO.OH. This is the 
4baracteristic gi-oup of the acids of carbon. 

Proofn. — In the first place, the presence of hydroxy! is 
oved the same as in the ease of ordinary acids. In the 
acid H,CO,, if we assume the presence of hydroxyl, we 
have the formula HCO— OH. Further, the other 
hydrogen atom contained in the acid does not conduct 
itself as if it were in combination with oxygen, but the 
same as hj'drogen atoms which are in combination with 
carbon directly. Xo changes which the acid undergoes 
indicate any connection between this hydrogen atom and 
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oxygen atom, so we mny conclude that tiioj are not 
prpBGiit as hydroxyl. But, if lliey are not present as 
hyUroxyl, tlioy must be uniled tlivectly witli the carbon 

II 
atom, and the formula is [ , .Now by 

0=C— 0— H 
certain Hppropriatc reactions, it is possible to replace that 
hydrogen atom in this acid whicli is in direct combination 
with the carbon by groups such as CH„ C,H„ etc. The 
compounds thus obtained must contain the group CO.O H. 
They possess all the proj^erties of acids. 

Melhodn for the Formation of the Aciilx of Carbon 

Tlie metlioda of preparatioa of tlte acids of carbon enable 
ua also to judge of their constitution. Some of these 
methods may lie briefly described. 

1. The simplest acid, above referred to, viz., H,CO,, is 
obtained by bringing carl>oii monoxide, CO, together with 
potassium hydroxide, KOH. The two substances com- 
bine directly, yielding the potassium salt of the above 
acid, thus: — 

CO + KOH = HCO,K. 
From this esperiinent we conclude that, in the salt, one 
of the oxygen atoms is in direct combination with carbon, 
as it was in carbon monoside, while the other oxygen 
atom serves the purpose of linking the carbon atom to 
the potassium. Hence the group — 

COOK or 0=C— 0— K 
I 
is present in the salt, and tlie group — I 

O^C— O— H iu the acid. 
I 

a. When methane, CH„ is allnwwl to act upon carbonyl 
chloride, COCl , one of the chlorine atoms is replaced by 
the residue CEl,, thus; — 

(I.) on, + COCl, = CH,.C0C1 + HCI. 

When the product ia treated with water, the second 
chlorine atom is replaced by H, as follows; — 

(iio cn,.coci + HHO = cn,.co.oii + nci. 
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Now carbonyl chloride is obtaiued by the Uireet addition 
of Clj to carbou monoxide, CO ; and hence must have 
CI— c=o 

the coustitntion | . The simplest intei']n'e- 

C'l 
tatioii of reaction (I.) above is iliat the residue CUj takes 
tlie place occupied by one of the chlorine atoms, which 

H,C~C=0 
would give | . Lastly, ttie simplest inter- 

CI 
pretation of reaction (II.) is that the hydvoxyl gi'oup 
enters into the place of the second chlorine atom, which 
K,C— C=0 

gives as the eonstitiition of the product O 

11 

This product is acetic acid, a liomologue of tlie simplest 
acid of carbon. It contains the group CO.OH, 
CN 
3. The compound cyanogen, | , is converted into 



L' 



an acid hy tlie action of water. This acid has the for- 
mula C,H.,0,.- It is a bibasie acid, and hence contains 
two hydroxy! groups, which would lead to the formula 
CjO,(OH)j. As both the liydroxyl groups comUict them- 
selves in exactly the same way, it is concluded that they 
are combined in exactly the same way. The only for- 
,0— H 



inla that satisfles these conditions is | , or 

C=rO 

^0— H 
CO.OH 

I . In tliis compound we have two groups 

CO.OH 
iGO.OH, and, ns we have seen, it is a bibaaic acid. There 
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are a great ttmny compounds containing the group d'. 
acting 38 a iinivaleiiC group. Uy treatiiig tliese 
solutions of melaHio liydroxiiies, the nitrogen is g 
off in the form of ammonia, NH,, and in its place 
taken np two atoms of oxygen ami an atom of a. 
valent element. The gi'otip with which the CN i 
combination remains nnehanged. Hence, in acconlaKioi 
with the above experiment, it is believed that this rexu) 
tion consists in a conversion of the group CN into CO OH 
or COOM, in which M represents one atom of a univ 
lent metal. The eonstilution of this group is, of eoura 
expressed as above by the formula 0=;C — O — M. A 

I 

the substances thus prepared and containing this groirp 
are derivatives of the acids ; they are salts. 

4. The acids are derived from primary alcohols by 
simple oxidation. When an acid is obtained from either 
a secondary or a tertiary alcohol, a complex oxidation 
takes place; the moleeulo must be broken up and re- 
arranged. We have seen that the difference between the 
three classes of alcohols is due to the difference in 
characteristic gronps of each class ; these being CH,OH, 
CHOH, and COH. The oxidation consists in the ab- 
straction of hydrogen and addition of ox3'gen. If hydro- 
gen is abstracted from and oxygen addei.1 to the group 

CH.OH, we obtain COOH or 0=C— 0— H, If 

abstract hydrogen from and add oxygen to ttie gr 
CHOH, wbicli is bivalent, we could not obtain another 
bivalent group, unless it be one with an exeeedii 

/O 
improbable formula as, for instance, — C^ I , and 

this would contain no hydrogen, so that it could not be 
considered as charaeteristic of acids. Lastly, the group 
COH cannot lose hydrogen and gain oxygen and still 
remain trivalent. As then the only alcoliols which t 
yield the group COOH by the oxidation of their o 
characteristic grou)) are tlie pHraaiy alcohols, aad as 
those alcohols which e.iunot yield this group by such 
oxidation do not yield correspouding acids, the cou- 
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t'l'lsion is drawn that the change which takes place when 

Ipritonry alcohols ore oxidized consists in the conversion 
H 
»fthegi-oiin — C— 0— H into 0=C—0—H, which 
it! 



a necessary constituent of carbon acids. 



ft 



Aldehydes. — Aldehydes are products derived from tlie 
irtial oxidation of primary alcohols, the group CH.Oir 
iijg converted into UOH. This group is not identical 

til the gronp — C — — H of tertiary alcohols, hut 

has the constitotion expressed by the formula — C=0 . 
It is a univalent group, just as the group CH,OH, from 
which it ia derived, is univalent; whereas, the tertisry 
alcohol group, COH, is trivalent. The aldehydes are 
intermediate products between primary alcohols and the 
adds which these yield. It was shown that the acids 
are formed from tiiese alcohols by the extraction of 
hydrogen and addition of oxygen. If hydrogen is only 
abstracted and no oxygen added, the product is an alde- 
hyde, thus:— 

CH.OH, R— COH, B— COOH. 



■Troofs. — The proofs of the general constitution of 
dehydea are similar to those given for the acids. Take, 
fbr instance, the simjiiest aldehyde. This has the for- 
mula IIjCO. The- tests for the presence of hydroxyl, 
above considered, if applied to aldehydes, show that the 
group is not present. On the contrary, if the aldehydes 
be treated with the chloride of phosphorus, the oxygon 
alom ia extracted and its place is taken hy two chlorine 
atoms. This shows that the oxygen was held in combi- 
nation by two affinities of the carbon atom, and, conse- 
quently, it could not hove been present in combination 
with hydrogen, forming hydroxyl. We are thus led to 
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the foimula 0=C — II for the above compound. It ■ 
consists of n hydrogen atom combined with the group ■ 

/" ! 

— C=0 . Other aldehydes are derived from this sim- 
plest one by replacing one of the hydrogen atoms with a. 
residue of greater or less complexity. Thus, we may intro- 
duce the group C H, or C^H^ and we would obtain the coin- 
pounda CH,— COH and G,U.—COJl respectively, both of 
which are aldehydes. 

The methods for the preparation of aldehydes also fur- 
nish proof of the constitution above ascribed to them. 
Some of these are the following: — 

1. We have already seen, that, when acids are tniatoil 
with the chlorides of phosphnnis, their hydrnxyl is 
rejilaced by an atom of chlorine, yielding chlorides of 
acid residues. Each such chloride, as was shown, con- 
.01 



— C^^O . If we could replace the 
this group liy hydrogen, we would 



y 




H 

plainly have the characteristic aldehyde group — C: 
Such a replacement has been etfected in the cases of 
some of the chlorides, and the reaidling bodies were 
found to be the expected aldehydes. 

2, When a salt of any acid of carbou is mixed with a 
salt of the simploat acid of carbou (formic acid), of the 
formula H.CO.OH, and the mixture distilled, an aide- 
liyde is obtained together with a carbonate. Theoarbon- 
ates are derived froma bibasic acid, and have the formula 

.OM 
0=^0 . It seems rational to suppose that the groups 

OM have passed directly from the compounds in which 
they were originally contained to the carbonate, and that 
the group CO also has been derived dii-ectly from one of 
'ginaV acids. If tliese suppositions are correct, 
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then we are led to the coiu-lusiim Hint ihe alfleliyde 

rasulting from Ihe desui-ibetl reflctiwa coiitnina llie group 

— C=0 . For, let R— CO.OM represent the formula 
of any salt of a oarljon acici, and H. CO.OM a salt of 
formic ackl. On bringing tliese twocoaijiouiida together 
and heating them, either one of two things eitn take 
pifitie if the above suppositions are correct. The groiii'S 
forming the carbonate may be split off thus: — 

»R— [C0^6M~1 
H— CO— |om1 

or, thus:— 

lU-CO— lOM I 



re remaining groups, uniting in llie simplest way, will 

give ns, in the first place, a compound, R — C--=0 , 
and, in tlie second plate, a compound of exactly tlie 
same constitution. 

3, Aldehydes are formed only from primary alcohols, 
not from secondary or tertiary alcohols. If we examine 
the group characteristic of the alcoliola, we shall find that 
the only one of them which is capable of trauafoiination 

into the group — C^O is that of primary alcohols. 



— CHjOH; and, further, the group — C=0 ia the only 
one containing caiboii, hydrogen, and oxygen in the same 
proportions wliieh can be derived from the group of 
primary alcohols, and not from those of secondary and 
tertiary alcohols. 

These considerations make it exceedingly probable 



that all aldehydi.'s contain the group — C=;0 , as above 
stated. 



il 



iiuwriAu :t, K3«:'m.-*w 



i 
H 

t 



f^tystn^ntfrtii^u: of al'letijdes that one of the affinities of 
tbt* gf/ap L* «attir!itefl with hT»ir«i««i. siiin^ the com- 



pkt^ grorrp 



^'=<> . Oa 



the other ha»L it is chanc- 



H 



U:riwtU: of acetones that both of the affinities of the groop 

f! =0 are saturated with hvdrocarboa lesidiiesw Thus 

CH, 

th*? *ifflfile»t acetone known has the formula C=0 , 

I 
CH, 

\fffiU the afTInities of the characteristic group being satn- 
rat^rd with rf:nulu&i of the hydrocarbon methane, CH^ 

Proo/if, — As ju»t stated, the simplest acetone has the 
forriiiila dJl^O. If a chloride of phosphorus be allowed 
iff ar;t upon this compound, the result is similar to that 
obtained in the same ex|jeriment with aldehydes, viz., the 
atom of ox^'gen is abstracted, and two chlorine atoms 
take its place. This shows that the oxygen was not 
pre«erit as hydroxyl, Vjut was combined with the cari>on 
fttofii by means of two affinities, forming the group 



(.' O . 
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Agnin, if nascent hydrogen is allowed to act upon this 
acetone, secoiidarj- piop.yl alcohol is the product, and the 

1 -on 

alcohol lias the formulri C-< . From this we 

I -n 

Oil, 

•conclude that in sit-etone, as well as Id secondary propyl 
alcohol, the two groups CHj are present; and we are 

thus ltd to the formula C=0 for the simplest ace- 

totie. We recognize in this fonniila what we have stated 
'<* lie the characteristic of all acetones, viz., it consists of 
^Wo hydrocarbon residues combined by means of the 

,. ■ I 

'"valent group 0^0 . 

The foUowing methods of preparation serve as proofs 
tif ihe accepted constitntion of acetones: — 

1. Jast as aldehydes are obtained from acid chlorides 
ty replacing the chlorine with hydrogen, so acetones are 
olitained from the same chlorides by replacing the chlo- 
rine with hydrocarbon residues. By treating acetyl 
chloride, C,H,0.C1, with zinc methyl, Zn(CII,)„ ordinary 
acetone, COtCH,),, is produced, together with zinc chlo- 
ride, ZnCl,. The formula of acetyl chloride is known to be 

CH, — C=0 . Hence the aimplest interpretation of the 
ahoye reaction is that a methyl group of zinc methyl 
takes the place of a chloriuc atom in acetyl chloride, 
thus : — 

,0 

t'H.— C— CI ,cu OH — C— CH. 

+ Zii/ ' =. -I- ZnCI,. 

OH — C— £1 ^"^n, CH ,— C— CH, 



ut 
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And this leads iia clearly to the formula above assumed 
03 representing the constitution of acetone. 

2, When the salts of many acids of carbon are snl>- 
jeoted to dry dialillation^ acetones are formed, together 
with & carbonate or carbonates. This reaction is analo- 
gous to the reaction for the preiiai-ation of aldehydes, by 
the distillation of a mixture of the salt of some carbon 
aiiid and a salt of formic acid. What was said in regai-d 

to the latter reaction, showing that the group C=0 must 

be pi'esent in aldehydes, holds good in regard to the re- 
action under consideration, and shows just as couclusively 

I 

that the group C^O must bo present in acetones. Let 

R.CO.OM represent a stilt of an acid of carbon. Its 
decomposition by heat may be represented as follows: — 



The residues uniting, we have a componnd, R — CO — K, 
which has the general formula of an acetone, as above 
assumed. Or let H.OOOM represent the 'salt of one 
carbon acid and R'.CGOM the salt of another carbon 
acid, in which R and R' are both hydrocarbon i-esidues. 



The decomposition, which takes pin 
these two salts is heated, ' 



when a mixture of 
ted as follows:— 



R.ICOOMI 

r'.co|Om| ■ 

This gives a compound of the formula R — CO — R'. 

It will be seen that one of the first conditions for the 
production of an acetone by means of this reaction is 
that neither of the salts employed be a formate, H.COOM, 
as the use of the latter would give rise to the formation 
of an aldehyde. 

3. Acetones' are produced by the partial oxidation of 
secondary alcohols. Considerations, similar to those 






Ihe Bupposilion, that the group 



idary a 

Ethers. — When aciils and bases, in general terma, act 
upon each other, salts are formed, water being eliminated- 
ohols and carbon acids att upon each 
ilav to salta, aie formed, water being 



C,H,.OH = H.CO.OC^Hj + H,0 ; 



,O.C]I, 

S0,< 4- 2H,0 . 

NO— 00,H, + H,0. 



Just BO whi 
otiier, bodies, s 
eliminated;— 

H.COOH -f 

OH 
SO/ + 2CH,.0H = 

NO,— OH + C,U^—OR 

It will be seen that these bodies differ from salts in 
that they contain hydrocarbon residues in the place of 
metals. Salts were defined as acids in whiuh the hydro- 
gen of the hydrox_vl group is repiaced by a base residue. 
These bodies are acids in which the hydrogen of the 
hydroxyl group is replaced by a hydrocarbon residue. 
All bodies of this kind are called ethers, and to dialin- 
giiisb them from another class of bodies known as simple 
ethers, and which will be considered below, they are usually 
known as compound ethers. The analogy between com- 
pound ethers and salts is very close, and hence, if the 
nature of salts is understood, the nature of these ethers 
will also be readily understood. We may have compound 
ethers derived from monobasic, bibasic, trihasic, etc. 
acids, and we may have compound ethers containing uni- 
- Talent, bivalent, trivalent, etc. hydrocarbon residues ; as, 
for instance. 

Ethers from monobasic acids : — 

NO..O.C,n,, CH,.CO.O.Cn,, etc. 

Etbrl nltmlB, U'etb;! acelU*. 
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Ethers from bibaaic acids : — 




so/ , c,h/ 

^O.CH. \CO.O.C,H- 




etc. 








Ethers from tribaaic acids — 




,O.C,H, .co.o.c,n, 
PO— O.C,H, , c,n— CO.O.C^H^ , 




etc- 



\o.c,H, \co.o.c,n. 

Elbyl phQiphtie. ELtiTl lilcBrballjliM. 

The above etbeia all contain tinivatent hydrocarbon 
residues. Among those contaiiiing bivalent residues may 
'le mentioned — 

CH^.CO.O. 

CH,.CO.O'^ 

Proofs — The fact that compound ethers are, in many 
cases, formed by the direct action of acids upon alcohols, 
and that water is formed at the same time, taken together 
with our knowledge concerning the constitution of acids 
and alcohols, points cleai'ly to tlie constitution for these 
ethers wliicli has been above assumed. But another 
method of formation is just as decisive in its testimony. 

If tbe silver salts of acids are treated with the chlo- 
rides, bromides, or iodides of hydrocarbon residues, com- 
pound ethers are formed in whit-h the lijdrocarbon resi- 
dnes are fouud in the place of the silver nhicb was in 
the salts, and the silver itself is found in combination 
with the chlorine, brorniao, or iodine which was in com- 
bination with the hj-drocarbon residues. This is seen in 
the following typical reactions ; — 



/OO.OAg 
"^-CO.OAg 



C,h/ " -\- 2(CH,,I) = C,n,; 



CII,.CO.O.0,H, + Agl. 

,CO.OCH, 

-i- 2AgI. 

oo.ocn. 



impte Elherif. — Simple ethers correspond to the 
^metallic oxides. They consist of two hydrocarbon I'eai- 
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means of an oxygen atom. Kxaniples of these b 
following: — 

CH,, C,H,. C,H,, 



" Proofs. — The constitution of tiieae coinponmle is ren- 
dered dear by a consideration of one of tlie principal 
methods of their formation. 

When an alcohol is treated with sodium or potassium, 
aa we have seen, the hyilragen oftlie hydroxyl is replaced 
by the metal employed. We thus obtain compounds 
such as sodium ethylate C^H^.ONa, sodium methylate 
CHj.O>Xt^tc- If these compounds are further treated 
with the iodides of hydrocarbon residnes, the iodine com- 
bines with the metal and the residues unite. Thus we 
have the following reactions; — 



C,H,.ONa + C,HJ = 






Elbjl 1. 



CH,.ONa + Cn,I 

8<idlain ms^hylBte. MetLiyl todlde. 

CH,.ONa + C,HjI 

BdiIIbiii mstbjltls. Etliyl IcdlAe. 

C,n,.ONa -1- CHJ 

Sodium BLhyltte. MeLhyl lodids 

From these reactions v 
the ethers formed must bt 
iu assuming that the hyd: 



C,H— 0— C.Hj + Nal, 

CH,— 0— CH, + Nal, 

CH,— O— CJIj + NaT, 

UeDi^l-elb^l el her. 

on,— 0— cn, + Nal. 



see what the constitution of 
We are in each case justi&ed 
arbon residue enters into the 
compound in the place occupied by the metal, and, 
ai-cording to our conceptions concerning alcohols, this 
metal is united to the rest of the molecule in which it 
is contained by means of an oxygen atom. 

Anhydrides.—'Vhe anhydrides of carbon compounds 
are derived from carbon acids in the same way that an- 
hydrides in general are dei-ived from acids ; and all the 
possibilities which we considered aboi'e hold good for 
these anhjdrides. There are anliydrides derived from 
raonoljasic, bibasic, tribasic acids, etc. There are partial 



148 I'HIiMlCAt. L-OMPOl.T»DS. 

nnd complete au1i,vd rides : but, furtLer, there are anby- 
drlilcs (tei-ivwl from compouoils whicU partake of the 
double clmrocter of al<.-ohol aud acid. In these com- 
(Ktiitids the hydroxyl which imparts the alcoholic cha- 
rtiutci' luid that which iiui>arts the acid character, both 
together fiirnisii the elemeuts which form the water 
g'lvan off. 

Peculiar AHbydrulf!^. — Lactic acid has the formula 

-OU 

OU .CH<; . It contaius aji alcoholic hvdroxyl 

and an add hyili\>x\l. When the acid is distilled it loses 

wnti'i'. iiml a wiiipoiiiid of the formula CHj.CH; } 

is foruietl. This is lactic anhydride. As will he 

the anhydride la formed tiy the loss of the elements of 

Tfttor tmm both h\diijsvl groups together. Salicylic 

OH 
acid has the formula C.Hix • It forms 

^COOH 
anhydride in a similar manner, having the formal 
■0-, 



«.".<3 



'\ 



Substitution Products. 

We have thus far oonsidereil the various elaases of 
chemical compounds which are known to exist, and have 
shown that each class is characterized liy some peculiarity 
of constitution which we recognize in each member of the 
class. There is in each compound a group which deter- 
mines its character, making it an acid or an alcohol, an 
acetone or an aldehyde, etc. As long as this group re- 
unchanged, the com|)ound belongs to the same 
If the group is changeil, the compound loses its 
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uharacteristius, and belongs to another class. On the 
other hand, the residues with, which the class groups are 
united may undergo a variety of changes without inter- 
fering at aU with the genera! [troperties of the compounds. 
The most common of tliese changes are those which are 
effected by substitution. 

Chemical compounds act upon each other, in general, 
in two ways. 1st. They unite directly, forming only one 

k product, as we see in the following reactions: — 
Nil, + HCl = NH.Cl 

fc. C,n, + Br, = C^H.Br, 

EthfleDfl. Elhyleua brniDide. 

2d. They excliange certftin constituents, forming two or 
more new products, thus: — 
■ C,H, + CI, = ^C,H,C1 + , CI 



CH,.COH -I- 6C! = CCl.COH + 3HC1 

Ahlelijde. TtichliiMlilehyilii. 

C(^H, + H^SO, = C,IT,.SO,H + H.O 

uu«. EalphobeDisDis uld. 

C„Hj 4- UNO, = C,H(NOJ + H,0 . 



d 

L 



The latter kind of action is by far the most common- 
It is that which is called substitution. In the above 
examples, the principal products are calle<l substitution 
products, though, strictly speaking, both products are 
substitution products. 

While the principle of substitution is recognized in 
<!onuectiQp,j!vilh nearly all chemical reactions, and hence 
nearly all chemical compounds may be considered as 
substitution products with reference to some other com- 
pounds, still it is customary to include under this head 
only those products which are formed by the replacement 
of hydrogen in carbon compounds ; and the substitutions 
"Which are spoken of arc only those which can be actually 
effected — not imaginary cases, 

Substitution Products containing Chlorine, Bromine, 
or Iodine. — The simplest examples of substitution pro- 
ducts are those which are former! by the action of any of 



'^*- '*^— ".•-•r-^ i.. ' i-i '. ~r. . . Doa ■ arron: •oiiEii'jnmifR. 
t.. '!-.>. i V I'-.-rri ""Tn le ■ -i-niDOdmu . JILL ~rjB- :nliinr iif 

p-r^*^ ,.n« ...xk i.-iee^ 5ocee«TFr.": — 



-c«if-r.r..;:.-. tjcir Si-ltr ^ nnL I "Lli- AlLil n-^Hl ^VTUUll "SlltT 

• i-v.-Ji ijtr**^ -szi: :e -=i: S5imn._'ii nmimt-T^ .ii]"«r»tTr^r. 

^,'^rc* /p- . ;i^ « . -r . :-i:UIp-- I i. ri Lc- -.»Ii*^ llllttun J E Till* L"!' *2'> 
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-n«> ^:i-.'V»n ir.\mj*. ^'ler^t ^* mi" ine JT'crrt^ar^roa. of 

'•/^lu ^s%rx\v,r,ui\ .r.n V •^iht**, Bar "ne "jr'5«:a ic«:ca:> iji 'his 

/*Anvx>'n-ii: '.■..fHT- .V'tii ^i^tL :rj.er. T\i» Tv: wiiidi are 

f.>*r t'-^a^srir^vr; \9 »nri:nfj 'iie *iiaji in "iii^i Dimrila are alike, 

r» >» hir -^pnt:'!* ir.:m iiifi^r* fr^in Tnttm^ Th** 4r?c are 

,r\ ^/rrn v/n*r;i-,n tIta ^.ajrr.n -y zieozL-r <:l onlj «:cLe alEniiy 

<*4/-n. r\..(*. -CO-, '-^p-.r.v-il IV. '.n :.■* ;« ^::iei 'lo -ydr-x-a bv means 

/•/ ^•r^ aff;r.-,r.i<''.'a. ^^'-^ x'.'iJL niltxraZy ex]:»e:5: then that 

f-,-.A ^:.?!%r'''.ry'>H >r.x-,*>v; -.i-.r>f4T tiwr. kin.l* olf c;irb-.^Q atoms 

^^r.,/j /jir.v^ !*. '-lirf^r'^r.^:*^ betwri^!! :he hydn.i^n atoms 

A/^^Mrr^/J Wrf.h th^-Tf», \t ^^-<:bi a .ii-Teren^^? «i>ts, then, 

fWilt'tf-u^. ^/r^/lo/:t,^ mrr-^t l-jft obtainei acef>rding as we 

tt-if\<^f*' f* \\yf\fffU.*'^^ f^^^'^f* attached to one of the terminal 

H,t>ffHf ftfoih^, or fiUOihf'T hy^lrogen atom attached to the 

/.i.h»M»l HfT\,oh ft»/;fn, ThuM.if in the following formula- 
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we replace any of the hydroseii atoms numbered 1, 2, 3, 
4, 5, 6 by an element such as chlorine, the resulting com- 
pound would in eauh case be the same. 

If, however, we replace one of the hydrogen atoms 
niiraered 7 or 8 by tlie same element, a compound of the 
same composition, but of different constituiion, wonid be 
obtained. The formulas 3f the two compounds would be 
respectively 

CH,C1CH,.CH, and CH^.CHOl.CH,. 

Thus wc see that the position of a sul)stituting element 
must be taken into consideration in studying tbe consti- 
tution of com pounds. In connection with the imitvidual 
compounds, which will be briefly considered in the last 
section of this book, the methods will be described which 
enable us to determine the positions of substituting ele- 
ments and groups. 

Complex SubuliUUion Products. — Under this head we 
include all those products which are formed by replacing 
the hydrogen of a carbon compound either partially or 
wholly by groups. In accordance with what has just 
been said concerning tlie simple substitution products, it 
is plain that, in studying the constitution of the complex 
substitution products, two things must be taken into 
consideration : — 

1st. The constitution of the substituting group itself, 
and, 

2d, The position of the group in the molecule of the 
substitution product. 

We shall here only take up the first part of tbe problem. 

Constitution of Substituting Croups. — The groups 
which we shall have to consider are the following: The 
cyanogen group CN, and an isomeric group; the sulpho 
group SO,H; the nitro group NO,; the uitroso grov 
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NO; tbe atnulo groap XH,: Ibe imido group NH; and 
a few- other groups intimately connected with those 



ConetHfUion of the Group CA1 — That acid of carbon 
whicli consists of » nitrogen atom and a hydrugen atom 
combined with a csrbon atom, viz., hydrocyanic acid, Jias 
already been referred to. By appropriate reactions it 
is possible to transfer the group CN, contained in hydro- 
cyaatc acid, to other compounds in such a way tliat it 
takes the place of hydrogen, forming a autistitutioti pro- 
duct. It is univalent, and hence its constitution is 
expressed by the formula — C^S. We liave the follow- 

' reactions; — 



ing r 

CH.Cl.COOH + KCX 



CH,(CN').CO0H + KCl 



I 



C,H,Br, + 2K0N = C.H.lCN), + SKCl. 

BUijUBtbninlde. PotualiiBi efinlda. Ettajlansej'SBld*. 

These substitution products, which consist only of tlie 
group — C~N combined with a hydrocarbon residue, are 
called nitriles. 

A few other compounds are known which have the 
same composition as the nitriles, but a different consti- 
tution. They are knowTi &s isonih-ii««' or carbylaminKs. 
They contain the group C^N — . This group is univa- 
lent, juat as the group — C=N, but tiie nitrogen atom 
contained in it plays the part of a. quinquivalent element, 
whereas, the niti-ogeii atom of the group — C=N is tri- 
valcnt. We may liave thus the tvfo compounds — 
C,H^— C^N and C=N— C,H, , 

of the same composition, but different constitution. Both 
these compounds are well known. The former is called 
etUyi cyanide or propionitrile, the tatter ethylcarbylamine. 

As ethyl cyanide, when treated with an alkali, yields 
propionic acid, we conclude that the carbon atom of tlie 
group CN is uniteddirectly with the hydrocarbon residue. 
For if it had not been, the removal of the nitrogen ought 
to have caused the formation of a product containing a 
smaller number of carbon atoms than the cj'anide itself. 
The reaction which does actually take place is that which 



■J. 




QENERAI, CONaillEUATlONS. 153 

we have considered above as giving rise to the formation 
of acids fi'om the cyanides, viz.: — 
[L C,H..ON + 2H,0 = C,n,.C00lI + NH, 

■kkjl DrlDlde. ProploDio KDtd. 

^ If the group CN had been in combination with the 
hydrocarlHin residue by lueatiB of tlie nitrogen atom, 
which would be the case if the group had the coustitutioa 
C^N — , we should expect the nitrogen atom to remain 
in combination with the hydrocarbon residue, in case of 
decomposition, or we should expect the nitrogen atom to 
take with it the carbon atom with which it is most inti- 
mately combined. In either case, a separation of the 
carbon atoms would be the resnlt, and we wonld obtain 
products containing a smaller number of carbon atoms 
than the original compound contained. This is exactly 
what takes place when the carbylamines are decomposed. 
When treated with hydrochloric acid they yield two pro- 
ducts; one of these ia formic acid, a compound contain- 
ing one atom of carbon ; the other consists of the hydi-o- 
carbon residue of the original compound combined with 
the nitrogen atom and hydrogen. Tlins, in the case of 
ethylearbyl amine, the decomposition may be represented 
as follows: — 

C^,— N^G -f 211,0 



The fact that the compound 



O.H,-) 


+ 


H.COOH 


niii 


, in 


which the 



(H 



nitrogen atom is evidently in combination with the hydro- 
carbon resi<lue, is so readily formed, leads us to the con- 
clusion that in the original compound'the same kind of 
union existed. The fact, also, that the one carbon atom 
is given off so readily from the molecule, indicates clearly 
ihat it was held in combination in some manner different 
from that in which the other carbon atoms of the mole- 
cule are held in combination. Taking the two facta and 
conclusions together, we are led to the formula above 
assigned to the carbylamine group, viz., CZLN — as the 
correct one. 
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ConstiluHon of the Group SO,H. — By the action 
concentrated aiilplmric acid upon hydrocarbons and rari- 
oiia other compoundB containing hydrogen, derivatives 
are obtained which differ fiom the oiiginiU coraponnds in 
containing the grouij SO,H in the place of hydrogen. 
The reaction consists in the formation of water and the 
new derivalive, thus: — 

■OH ,C.H, 

O.H, + SO,- = so/ + H.0 . 

^OH \0H 

These products all act like acids in every way, bo ihsl 
we are justified in asBuniing the presence of Lydros^l in 
ttiem. As they are formed so readily from sulphuric 
acid, it is also fair to assume that the group SO, OH is a 
residue of sulphuric acid. Then, if we know the con- 
BtiUition of sulphuric acid, the constitution of tliis group 
will also be known to ns. The fact that thi^ groupie > 
residue of sulphuric acid is shown also in the following 
way: By replacing one of the hydroxyl groups of aiil- 
phuric acid by an atom of chlorine, we obtain a com- 

which, by simple 

treatment with water, is reconverted into sulphurie aoiii. 
There can be no doubt that the group 80,0H of this 
chloride has exactly the same constitution as the cot- 
responding group of the acid. But, if this chloride be 
allowed to act upon benzene, sulphobenzenic acid and 
hydroeliloric acid are the products, the former having all 
the properties possessed by t lie sulphobenzenic acid ob- 
tained from the action of sulphuric acid upon beuzene. 
The reaction tak* place thus ; — 
/CI 

c„H, + so,< = c,h,.so..oh: + hcl 

^OH 

Here, evidently, the group SO^.OH of the chloride take* 
the place of an atom of hydrogen in benzene. 

Assuming, then, the gcnei'al formula SO^.OH for thfl 
group, it remains to decide in what manner the atoniBOf 
the sub-group SO, are united. If both sulphur and ojrf- 
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gen act as biviilent elements, two possibilities present 
themselves. We may have eitiier — — IS — Q — or 
— S — O — — . If the former espreBscs tlie constitntion 
of the group, then it is plain that tlie hydrocarbon must 
he nnited with it through the instrumentality of osj'geu, 
whereas, if tbe latter is the correct expression, tlie hydro- 
carbon residue may be held in combination, either through 
the iuatrumeutality of oxygen or sulphur. For, we may 
liave either — 
1, C,H,— 0—0— S— OH; or, 2, C,H,— S— 0— O— OH. 

Inasmuch as by reduction sulphydratcs are obtained 
from tbe eulpho acids, it is believert that, in the latter, 
the grouping of the atoms ia similar to that in the second 
of the above formulas. The sulphyrtrates have the gene- 
ral formula K(8H), in which R represents a hydrocarbon 
residue. This residue is nnited directly with tbe sulphur, 
and tbia in turn with the hydrogen. The proof of this 
constitution of the sulphydrates has been considered 
iiuder the head of hydroxides. 

Whenever then the group — S — — — OH enters 
into a compound in the place of a hydrogen atom, the 
resulting compound ia a true sulpho acid. I 

Again, when a chloride, bromide, or iodide of a hydro- I 
carljon or other residue is treated with an aqneous solu- 
tion of a neutral sulphite, a derivative ia obtained which 
baa the same general composition hs the sulpho acid, as 
tnay lae seen in the following equation: — ■ ■ 
.OK 

c,n,i -I- so( = c,n,.so.^.ots: + ki . ' 

\0K ' J 

Elbjrl Lodlls. FuUuttim ■nlphlle. PolftPBlDni slhrlsnlptatU. I 

These compounds were supposed to Jje identical witii 1 
the sulpho acids. Indeed, in a few cases, it seems that .1 
the compounds obtained by this latter method must have ' 
'lie constitution above accepted for true sulpho acids. 
Nevertheless, it has recently been shown that the com- 
pounds obtained from the sulphites differ from true 
Sulpho acids; that the former are really ethers of sul- 
iJtiiirons acid, and not substitution products, in the sense 
iti which we have here used that expression. The follow- 
"»g experiments furnish the proofs : — 



stitiitiou ex- 1 
-0— H. 
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Wlien benzylchloride, CjU^-CH^Cl, is tre»tert with' 
pot.issium enlpliite, reaction ensues la ibe inanner above 
indicated, viz.: — 

C,II,.CH,C1 + K,SO, = C5lI,.CII^S0.K + KCl. ' 
When tlie new salt is treated with phosphorus chloride, 
tlie proiliict!^ of tlie reaction are phosphorus oxjcliloride, ' 
POCI,, thionjlebloride, SOCl,, and benzylchloride, 
C,H,.CH,C1. If the salt had been derived from a. 
true Bulpho acid, a siilpbo chloride of the formula 
C„H,.CH,.S0,C1 would have been obtained. It is henco 
concluded that, in the salt, the sulphur does not hold the 
rest of the group in combinatiou with the hydrocarbon 
residue, but that tliia is accomplished bj 
oxygen atom — the group having the constitution 
pres8e<i by the formula 

— 0— S— 0— O— H ; or by 

The formation of the above products citn thou readily be 

explained : — 

C,H,.CTIrO.S.O— OK yields 
C,H5.CH.C1 j CI— S— 0— CI I CIK. 

The oxygen abstracte<l will, of course, form phosphorus 
oxychloride. If sulphur had occupied either of the posi- 
tions occupied by the oxygen atoms in the above formula 
which are abstracted, one of the products of the teaclion 
would have been phosphorus sulphochloride, PSC1_, 
whereas not a trace of this substance could be detected. ' 
This subject requires more investigation before the 
conclusions above drawn can be looked upon as definitely 
settled. In all pi'obability it will be found that tliei-e are, 
as stated, two isomeric gi-oups, SOjH, only one of whiuh 
can give true sulpho acids. The formula above given for 
the Biilpho-acid group will also probably be found to bo 
the correct one. Purther, from experiments thus far 
made, it seems more than likely that these groups easily 
undergo trausfunnation, their atoms being rearranu;ed. 

ConntiU'lion of tlie Oroup NO, — When concentrated 
nitric acid is allowed to act upon hydrocarbons, etc., 



^Bbydrogen is frequently replaced by the group N0„ 
C,H.NO, + H,0. 

Tile reaction, as will be iiotieed, is Birailar to that which 
takcB place when siilplitiric instead of nitric acid is used. 
Just as in the fonner case we can assume that the group 
SOjH is a residue of sulphuric acid, so in the latter case 
we can assume that tlie group NO, is a residue of nitric 
acid. The formula which we accept for nitric acid will 
show us the constitution of the group NO^ Again, 
nitro compounds are formed by treating a chloride, 
bromide, or iodide of a hydrocarbou residue with silver 
nitrite, AgNO., the reaction taking place as follows: — 

Agl. 

It would appear from the latter reaction that the group 
NO, has the same coustltntion iu the nitro derivatives 
that it has iu nitrous acid ; but this is in reality not the 
case, or, at least, certain facts seem to indicate clearly a 
dissimilarity of the groups. 

There are two series of compounds of the same com- 
|K>sition, but of different constitution, both of which con- 
tain t)ie group NO,. The members of one of these series 
are ethers of nitrous acid. If nitrous acid contains 
hydroxyl, then the ethers would have the general con- 
stitnlion R— — NO, in which R represents a hydro- 
carbon residne. The characterizing feature in the con- 
stitution of these ethers is the same as that which we 
find in all ethers, viz., tlie acid grouji is combined with 
tiie hydrocarbon residue by means of an atom of oxygen. 
That this is true of the ethers uf nitrous acid is shown by 
the fact that, when nascent Itydrogem acta upon them, 
they yield the alcohols corresponding to tlie hydrocarbon 
residues which they contain, and at the same time 
ammonia. If tlie nitrogen atom had been directly united 
with the hydrocarbon residue, we would have found it in 
combiuation with this residue after the above reduction. 
The decomposition wliich actually takes place may be 
represented thus: — 
14, 
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Ether, R--0— X=0 yieltia 

R— 0— H and H— N^ ' 



I 



\H 



Witli the constitution assiiiued for the ether, it ia 
evident that the formation of alcohol by the addition of 
hydrogen woiilil iiet-esBitate the splitting off of the group 
containing nitrogen. 

" "le other hand, the second series of componnds are 
not ethers of any acid, but are trne substitution products. 
They consist of a hydrocarbon residue combined with the 
group NO,, by means of the nilrogen atom. Their general 
conatilution is exiiressed by the formula R — NO,. 

This conclusion is readied by consitlering the produfta 
of the rednctiiin of nitro coinpouuds. When treated with 
nascent hydrogen, they yield products known us amine 
buses, which are ammonm in which one hydrogen atom 
has I>een I'eplaced by a hydrocarbon residue. The 
decomposition is represented as follows: — 

R_NO, + 6H = R— NH, + 2H,0. 

In the produot obtaineil in this case, it is evident that 
the nitrojjen atom is in direct combination with the hydro- 
carbon residue, and hence we can assume that this kind of 
combination also esisted in the original nitrrt compound. 

Accepting the above formula for nitro compounds, it 
is difficult to see how they can be formed by reaction 
with silver nitnte. For, if the hydrocarbon residue took 
the place otcii|)ied by the silver in the salt, it is plain 
that the product would bo an ether which, according to 
what has already been said, must have the formula 
R — — NO. The product, however, is uot an ether. 
Consequently, some other change besides that of an inter- 
ebahge of places by the silver atom and the hydrocarbon 
residue must be accomplished at the same time. Conse- 
quently, fui-ther, the group NO^ in nitrous acid has a con- 
stitution ditTering from that of the group NO, of nilro 
compounds. 

As to the respective constitutions of these two groups 
we see that in nitrous aei<l we have in all probability ime 
hydrosyl. This gives us one oxygen atom combinetl > 
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Ijy one aflliiity wiih hyilrogen, and, on the otiicr side, 
M-itli nitroKon, Chiia: U— 0— N— . The only thing that 
is otlierwise [iresent in tlie molecule ia an atom of osjgeii 
whieii, it ia safe to suppose, is comliined by both its 
affinities with nitrogen ; whence we have the group 
— — N^O as the charaeter[atio group of the acid and 
its (lerivaLives. But the group of iiitro compounds 
unites with residues by means of its nitrogen atom, as 
we have seen. Hence, we can onnceive of two formulas 

,0 
for llie groiii) NO , viz., — N. I , inwhiclitkenitro- 

^0 

z/' 

gen is trivalent, and — N^ , in which tlie nitrogen 



The former, — -N/ I , is now more commonly ac- 

cepted than the latter. The fact that the grouj] is so 
readily converted into tlie group NH.j, in which the 
nitrogen atom is nndoubtedly trivalent, nialses tliis (br- 
niula ap|)eai' probable. 

Comlituiion of the Qroup NO— A class of bodies 
which have recently been quite fully investigated contain 
the group NO in the place of hydrogen. They are known 
ns ntlrono compounda. Their preparation is accomplished 
by allowing the compound NOBr to act upon mercury 
ilevivatives of hydrocarbons, thus : — 
HgCCjH,), 4- NOBr = HgCC.HJBr + C^H.fNO). 

Assuming that nitrogen here acts as a trivalent ele- 
ment, and oxygen as bivalent, the eoustitntion of the 
group NO can only be represented by the formula— N^O, 
according to which the combination between the hydro- 
carbon residue and the substituting group in nitroso 
eomponnda is accomplished by means of a nitrogen atom. 
This view, further, is in accordance with the fact that, by 
reduction, the gronp NO, like N0„ is converted into 

N a. 



I 



Conslilulion of the Oroup X3.,^ — ComponadB which 
contnin the groii|) NU, are called oiiiirfo compounds. 
The group is plainly a resiilue of ammonia and is uiii- 

These 

compounds are readily obtained by the action of iiaBcent 
hydrogen on nitro derivatives, the gi-ouj) NO, lieing 
hereby converted intoNH^. Aniido substitution products 
have pritpertie9 which ally them to ammonia, which fact 

!i further evidence of a similarity in the conatitntions 
of the two. They hjive basic properties in the same 
sense that ammonia has basic properties, i. c, they unite 
directly with all acids forming salts. In addition to the 
3 method of formation, we liave also the action of 
aqueous ammonia npon chlorides, bromides, or iodides of 
hydrocarbon residues. 

C.H.Br -I- NH, = C,II-(NHJ + HBr. 

Elk yf Dram Ide. KtbTlBmlnt.. 

This latter method indicalea very decidedly the inti- 
mate connection between amido compounds and ammonia. 

Covslilulion of the Oroup NN. — Finally, tiiere are a 
few representatives known of a class of iKwlies called 
imido compounds. These contain the group NH, which 
is bivalent, and hence occupies the place of two hydrc_ 
atoms. Like amido compounds, tliey may be considered 
as derived from ammonia by the replacement of two 
hydrogen atoms by hydrocarbon residues. The uonstitU: 
tiou of tlte group and of the compounds is readily under- 
stood. AVe h 
C,H,Br) 



C,H,Br| 

The varioii 
have thus sti 
have to dea 
which mar b 



The various classes of chemical compounds which we 

have thus studied are the principal classes with which we 
have to deal. Tliere are a few other classes, among 
which mar be mentioned the so-ca]le<l mustard oils and 
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tile qui})oneg. These will be considered later, in connec- 
tion with those better known compounds with whicli 
they are moat closely allied. 

Inclassifyingcompounds we have distinguished between 
general classes and their substitntion products. This 
distinction is generally jnatiflefl, though, in a certain 
sense, even those compounds wlitdh belong to tlie general 
classes are substitntion products, oi-, tit least, may be 
considered as such. This is particularly the case with 
the compouuds of carbon, all of which maybe looked 
upon as derived from certain hydrocarbons by the re- 
placement of something else. Thus the alcohols are 
derived from liydrocarbons by replacing hydrogen by 
hydroxyl, OH ; the acids by replacing hyli'ogen by carb- 
oxyl, CO.OH, etc. Speaking, then, of all the groups 
which have been studied as sMbstituting groups, the gene- 
ral statement may be made that : In all substituting 
groups the characterizing element or elements may he 
replaced by another or others of the same general cha- 
racter. Thus, as we have already seen, O may be replaced 
by S. Further, S may, in some cases, be replaced by Se 
or Te ; N may l>e replaced by P, etc. Thus we get new 
compounds, but the constitution of tliese new compounds 
is the same as that of those from which they are derived, 
and lience they reqnii'e no separate study in this place. 



SPECIAL STUDY OF THE CONSTITUTION OF 
CHEMICAL COMPOUNDS. 

From the general consitleratlons of the preceding aec- 
tion, the constitution of the mujority of compoiiniis will 
he directly uuderstom) . In the Ibllowing section, the 
conBlitution of individual eoni[>onnds wiU he considered, 
in so far as any special consideration of them is nect 
sary. Here the compounds of carbon again will reqni 
most of onr attention, be<;ause more is known concerning 
their constitution than is known concerning otber com- 
pounds. It will be fonnd that the same Btoms may 
i'reqneiitly he arranged in different ways, giving rise to 
different compounds. 

Isomerism. — There are two ways in which bodies may 
contain the same elements in the same proportions by 
weight, and still be different bodies : — 

1. The atoms or groups composing the body may Iw 
arranged differently in the molecule, as above stated^ 
Thus we have ammonium eyanate, CN(ONH,), and 

urea or carhamide, C0<^ . These botlies con- 

\nh, 

tain the same atoms in the same number in their mole- 
cules. Such bodies are called melameric. 

3. Bodies may have the same composition, but have 
different molecular weights. Tlins we have acetylene, 
Cyi„ and benzene, CjU,,. Such bodies arc called poly- 
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Compounds not Containing Carbon. 






The compounds which the mooovaleut elements, hydro- 
gen, cblorine, bromine, iodine, fluorine, sodium, potassium, 
lithium, cteainm, rubidium, silver, form with each other 
tiave the simplest constitution of which we have any con- 
^ption. They require no study liere. 



Compounds of Chlorine, etc., with Oxygen, and Oxygen 
:nd Hydrogen. — Hydrogen peroxide has the empirical 
formula HjO,. If in this compound tlje oxygen ia bivalent, 
the arrangement of the atoms can be moat readily imagineil 
to be in accordance with the formula II^O — 0- — ^11. 
There is, indeed, no independent proof of the correctnesH 
of this formula, but no other formula expresses the con- 
stitution at all satisfactorily, and hence this is accepted 
(as correct. 
The acids which chlorine forms with oxygen and 
hydrogen are most frequently considered as represented 
l)y the following formulas : — 
CI — ^O — 1[, hypochlorons acid, 

CI — O — — n, chlorous acid, 

CI— 0— 0— 0— n, chloric acid, 

CI— 0—0— 0—0— H, perchloric acid ; 
«nd the compounds of chlorine with oxygen alone by the 
following fonnulas: — 
CI — 0— CI, hypochlorous auhydnde, 

CI— O— 0—0- CI, chlorous anhydride, 

CI— 0—0— 0—0— CI, ohlorous-cliloric anhydride. 

The corresponding compounds of bromine, iodine, and 
fluorine, as far as they are Jtnown, are represented by 
corresponding formulas. It must be confessed that these 
formulas are by no means well established, and it is very 
possible tliat, when the compounds themselves shall have 
been studied more carefully, they wiil be found to be 
incorrect. 

Compomidso/ Sulphtir,elc.,with Oxygen, and Oxygen 
and Bydrogen.—SiilphnT forms a number of compounds 
with oxygen, and with oxygen and hydrogen, some of 
wUioh have been carefully studied. The compounds with 



I 
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oxygen alooe are sulphur dioxide, SO,, anrl siilpliur tri- 1 
oxide, SO.. If in ttiesc t^ompouuds both the sulphur &Dd1 
the oxjgen are bivalent, we kave tlie following possible 1 
formulaa :— 1 

For SO,, S< I , S< , — S— 0— 0— ; I 

^0 ^0— 
.0. ,0-0- 

Forso,, s( ;o. s<; , — S— O— 0— 0— . 



Aa is plain, all the formulas except S:" I and 

^O 
.Ov 
SC }0 represeni the compounda as unsaturated. 

^O^ 
Now SO, conducts itself lilce an unsaturated compound ; 
it combines, directly with, chlorine, forming the product 
S0,C1„ and with oxygen, forming SO^, so that it eeema 

.0- 
possible that the formula S<' or — S — O — O — may 

No- 
ll reality express its constitutiou. Again, some chemists 
eonsider sulphur quadrivalent or sexivalent iu these com- 
pounds, which would give the formulas S<; and 
^O 
^0 
S=0 , Perliaps the most commonly accepted formulas 
\0 

/O Ov 

are S<' I and S<' yO , though the I'eaaons for 

^O ^0^ 

accepting them are not very good ones. 
The acids of sulphur are the following: — 
II,SO„ sulphurous acid. 
H,SO„ sulpliuric acid. 
HjS.jO,, pyroaulphuric acid. 
IIjSjOj, hyposulphurous or thiosulpli 
H.jS.O,, hyposulpiiuric or ditliio 
H,SjO„ trithiouie acid. 
H,S,0„ tetrathionic acid. 
H,SjOj, pcntathionic acid. 
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SulphuTOus Acid, ZT^SOj-^Only derivatives of tliia 
acid are feDown— as the salts anil ethers. From a study 
(jf these derivatives, conclusions have been drawn con- 
ceruing the constitution of the (icid itself. Tli? consti- , 
tntion of siilphurons a(;id is expressed by very different 
foimulas by those who consider snlplmr as bivalent, and 
those who conaider that it may and does act as quadri- 
valent or sesivalent. Up to the present, no conclusive 
evidence of either view lias been furnished. We proijose 
to consider snlphor as bivalent, and to show to what 
conclusions we shall then be led. This we can do without 
interfering with our main object, which is to show more 
particularly the methods of thought and experiment 
that lie at the foundation of constitutional formulas in 

If then sulphur is bivalent, we have as probable for- 
,0— OH ,0— OH 

mulfts for sulphurous acid S<; or 0<( 

\0H ^SH 

For some time the latter formnla was accepted, in con- 
sequence of the fact that the sulpho acids are so readily 
formed from salts of sulphurous acid. We have seen 
that, in the eulpiio acids, the group SO^H is combined 
with hydrocarbon residues by means of the sulphur atom 
Now, as the group SOjH can apparently be obtained 
from sulphites, such a constitution was assigned to the 
latter as to make the connection between them and the 
sulpho acids clear. This cnn best be accomplished if we 

, 0— CM 
accept the formula 0( for the sulphites. 

-SM 
If the metal which is in combination with sulphur in this 
formula be replaced by a hydrocarbon residue, the latter 
would be in combination with sulphur also. On the 
other hand, if we accept the former of the two formulas 

,0— OH 
above proposed, viz., S('^ , it would appear 

^OH 
difflcult to obtain sulpho acids fi-om sidpbites by a simple 
interchange of atoms or groups. Recent experiments 
seem to show that the compounds obtained from 
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the Hiilpliites, which were foiinerly looked npon aa. 
Bulpho aciils, are in reality ethers of siilphurims acid, 
and not Bulpho acitls; that in them, further, the lij-dro- 
cai'bon residue is not in combination with sulphur (see, 
ivte, p. 165). From this it la concluded that the formula 
.0— OH 



of Buljjhurous acid ia S' 



/ 
\OH 



Sulphuric Acid, S,,,SO,.^The same reasons which lead 
us to accept the formula — S — O — 0— OH for the eliarac- 
terizing group of sulpho acids (see ante, p. ISfi), also lead 
us to accept this formula as part of the whole formula ofi 
(ulphuric acid But we laiow that sulphuric acid con- 
tains two hydi-oxyl groups, consequently, adding one 
hvdroxyl group to the above group, we have aa the for- 
mula for sulphuric acid, HO— S— 0—0— OH. 

Another reaaou for accepting this formula is found in 
the following facts: Ry the action of the chloride of 
phosphorus on sulphuric acid, sulphuryl oxychloride, 

,0H 
SO,<f , is obtaiued. In this compound the chlorine 

\ci 

in all probability occupies the place which, in sulphuric 
acid, is occupied by hydroxyl. 'I'liis appears still more 
probable when we consider that the oxj-cbloride is con- 
verted into the acid by simple treatment with waler. 
Now, if sulphuryl oxyoliloride is treated with etiiylene, a 

" /OC,H, 
compoHiid, SO <; , is formed bydirectaddition. , 

Vi 

Three formulas are possible for this compound, viz.: — 
C,H,— O— O— S— O— CI ; 
0,H,— 0— S— O— 0— CI ; 
CI— S— O— 0— 0— C,Hj. 

Further, if sulphuryl oxychloride is treated withalcoliol 
,0H 
it yields ethylsulphurie acid, S0,<; . If the for- 

\OC,H, 
Hilda of sulphuric acid were sj-mmetrical — 
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HO— 0— S— 0— on, then ethylsulphiiric nciil would bo 
C,n..O— O— S— O— OH, and a thloiiile derived from it 
woui'd be C,H..O— O— S— 0— CI. Sulphuryl oxycUlor- 
ide woidd linve t!ie formula HO— O— S~0 — CI, and the 
coaijjoimd derived from it by tlie addition of etbyieiie 
would be C„H,.0— 0— S— 0— CI; or this latter would 
lie identical with the chloride of ethylsulphudc acid. 
The two are, however, not identical, and hence it follows 
that the form ula of sulphiii'ic acid cannot be symmetrical, 
thus, HO— O — 8—0— OH. If it is not symmetrical, 
however, it must be HO— S— 0—0— OH. 

Pyrositlphtiric Acid, H,S,0-. — Pyrosnlphiiric acid in a 
partial aiiliydride of sulpliuric acid obtained by abstract- 
ing one molecule of water from two moleculcB of the 



■-OH J 

The general statements made in connection with the 
subject of anhydrides contain the proofs for tiie above 
formula. 01' course, the groups SO, contained in this 
anhydride are supposed to have the same constitution 
that they have in sulphuric acid. 

mjpvsulphuronR or Thioi^ulphurw Acid, H.,S,0,— 
This acid is usually considered as sulphuric aeid, in which 
one of the hydroxyl groups has been replaced by the 
sulphury! group Sil, thus;— 



so, 



OH 



so, 



/ 



OH 



This formula is rendered probable by the fact that 
tidosulphuric acid may he obtained from sulphuric acid 
by treating the latter wiili phosjihorus sulpliide. Tlie 
action of the latter reagent consists inreji' 



XCi3 rnjcMicAi. compounds. 

'by sulphur. And the. oxygen of the hydroxy' group is, 
ill general, more s ii see [)ti file to the influence of reagents 
than that contained in the gronp SO.j. 

Further, tliiosulphuric acid is obtained by allowing 
hydrogen suljihide to act upon sulphur trioxide, just as 
sulphuric acid ia obtained by allowing water to act upon 
sulphur trioside. 

,0H 
S0,.0 + H,0 = so/ ; 
^OH 
/SH 
S0..0 -f II,S = so,< 

Other Polythionio Acids. — Difhionic acid, H^8,0„ ia 
considered as related to pyrosulphuric acid, thus ; — 
,0H ,H 

so/ so/ 



so,< 



so,< 



}o 



I 



Trithimiic Acid, H^S^O„, may he considered as derived 



c acid in the same way that thiosulphui 
a sulphuric acid, thus:- 



so/ 
so/ 



Or, it may be that trithionic acid i 
thioaulphuric acid: — 

,on 



0/ 
^OlI 



^OH 

1 aubydridc of 



'\0H 
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Ifil 



The latter view U renilered pi'obal'le by the fact that 
tiithionates aru formed when double salts of thioaiil- 
phuric acid are boiled with water. 'I'ho i-enction takes 
)jliice accortliag to the following equation : — 



2AgKS,0, 

/OK 1 



Ag,S + K,SjO,. 



^ When ijotaasiiini 



tritliionste is boiled 



Kith [iotas si 



jdpbide, potassium thiosnlphate is Ibrined— 

K,S,p, + K,S = 2K,8,0,. 

This rcBction also indicates an intimate relation betweei 
loBulphnric and trithionic adds. 
^TetralhiomG Acid, H,S,0„, is obtained by the action <i 
thiosulpiiatc, thus: — 



SAl 



NaS,A-, 



+ 2XaI . 



.ON a 



^ON-a 



1 + 2Nar. 



Henee, tlic rnrmiila of the acid from which the latter 
salt is derived is accepted for tetratUionie acid. 

I'enlalhwnic Acid, H,SjO^, is obtained by treating 
barium thiosidphate with sulphur bichloride S,C1,. The 
bitter compound has the constitution CI — S — S — CI j 
t'onsetiiiently, the reaction may bo interpreted most 
readily ss follows: — 
"la 



OH 

SO,:' 

^H 



so/ 
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+ Cl~S— S— CI = 



I + 2HC1 



The corresponding aei<1s of selenium and telliir 
as far as they aie known, are represented by similarV 
rormulas. 



tcilk Oxygen, and with Oxygen 
forms with oxvgen tlie follow- 



Compo'ind^ of Xilmgi 
and Hydrogen. — Nitrog* 
iug componnds:— 

X,0, nitrocia oside or Ditrogcn nn)noxi<]e. 

NO or X,0., nitrogeu dioxiiie. 

X,0^, nitrogen trioxide. 

KO, or X,0., nitrogen tetroxide. 

NjOj, nitrogen peiitoxide. 

The constitution of nitrogen monoxide 



jjressed by the forniulii 



=X 



iliy ex- 



O 




Nitrogen dio-ride is — S^O, nnd is, therefore, nnsatii- 
mted. The readiness with which it combines with oxygL-n 
and chlorine indicates its iinsatnrntcd condition. 

Nitrogen tetroxide is — — X=0, and is jilso unsatu- 
rated. This formula is given the c'lmpound becaiise i 
obtained so easily from ibe monoxide, and is eonverted 
into the latter so eusiiy. 

Nitrogen trioxide is the anhydride of nitrous acid. 
Hence its foiTUiiIa depends upon ibat of nitrous n 
(whicli see). 

Nitrogen pcntoside is the anhydride of nitric acid. 
Its formula (lependa iijion that of nitric acid (ivbich w 



I There are two aeida of nitrogen, viz. r — 
HNO,, nitrons aciil. 
HNO„ nitric acid. 

^ Irons Arid, HSO, The proofs for the presence of 

the group — O — N=d in nitrous aciil have been given 
iindec the head of nitro compounds (which see). The 
acid has the constitution H — — N=0. From this 
formula we derive that of the anhydride, niti'ogen tri- 
oxide, thus:- — 



0= 



-0— n > o=N, 

-0— H ) 0=^-^ 



Nitric Acid, HXO,. — It haa been shown above {see 
Xilro Compounds) that tlie group contained iu nitro 



compounds haa probably the constitution — N^ [ . 



H— 0— X 



<f' [ . The fact, that r 



! acid is 



eoema to indicate that the nitrogen contained in it is 
trivalent rather than quinquivalent. We saw above 
other facts indicating the same thing, so that now the 
above formnla ia pretty generally accepted. 

Hyilroxylamine, H.^NO — This substance is a strong 
linse conducting itself like ammonia. By appropriate 
reactions it can be shown that two of the hydrogen atoms 
contained in the compound differ " 
These facts prove that hydroxylai 
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Compoandu of Phoirphorus with Oxygen^ and with I 
Oxyijen and Bydrotjen, — Phospliorus furms two oxides, I 



P,0, 
PA, 



jihospborus ti1oxid& 
phuspborus p^ntoxkle. 



e former ia u»uallj consirtemi as derived from trivslentl 
phospborus, and to it is cunsequeully given the I'ormiila | 

P— 0— P . 

Tlie latter, liowevei 
quinquivalent pbospho 



is considered as derived from 
IS, and to it is given tbe formula 



I/O X I 
P— 0— P . 

|\0/J 

\-o-/ 

These formulas arc purely hypothetical. 
There are several aeicia of phosphorus, viz.: — 

H,PO„ bypophosphorous acid. 

HjPO,, phosphorous add. 

H,|PO|, pliosphoric acid. 

H,1\0„ pyro phosphoric neid, 

HPO,,, ni eta phosphoric acid. 



Hyjjophosphoroun ncjrf, IIjP0.,i8 monobasic, and henoo 
only one hydroxyl group is assumed as present in its mole- 



cule. This gives tbe formula n^PO.OH or P' 



in which the phosphorus ntoni is quinquivalent. 

Pkottphoroua Acrid, H.,PO,, — Tn regard to the constitu- 
tion of tliis acid, two views are held. According to the 

/OH 
first, tbe formula of the acid is P— OH , the plios- 

\0H 



^ 



UNSTITUTION OF ( 



lilifirna being trivnlcuE. 
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I t!ie si^cond, the 



O 

II . 
formula is P 



H 



tlie phos|j!ioi'U9 being qiiin- 



OH 

quivalent. If tlie former formnla is correct, tlie acid 
ought to be Iribasie, In most of its salts, bowever, it is 
only bilmsic. Stilt ethers are known which ai-e evidently 
(it^riveU from a tribasic acid, as, for instance, PO,(C,H,),; 
and it has, further, recently been shown that a salt of the 
acid exists in which there are three atoms of a uionova- 
tent metal lo the molecnle. These latter facts wonld 
lead to the fonnula P(OHX. The fact, also, that phos- 
((horoiis acid is prodnceil by simply treating phosphorus 
trichloride with water, is in accordance with this formula. 
We have 






»0n the oth 
Wl 



HI no 

P^ICl + HHO 

\ci u|ho 



.Oil 



\ou 

.1, the following facts speak for tlie 



miila 



11/11 



I ^OH 
OH 



When benzene is .treated with phosphorus tridiloride, 
nnder appropriate conditions, the following reaction takes 
place : — 

PCI,, + C,H, = PC1,CC,H.) + HCl. 
When-the main product, pliospbenyl chloride, is treated 
with water, the chlorine is eliminated, and a compoinid 
of the composition P0,n,(C,H3) is formed. The formula 
B compound may be either — 



,011 
1, PfOlI 



If the latter is the foriniila, then we can condiide that 
tlie coustitution of phosphorous acid iB siinilar, 



If fornitila 1 is correct, then liy the action of phoa- 
pliorus pentachloi-ide upon the compound the followiug 
reaction ought to ttike place : — 

I. p(OH),c,n. + 2Pcij = pci,(c„n.) + 

2{1'0CIJ + 2HC1. 
If, however, fonniila 2 is correct, then under the same 
conditions the following reaction would take place: — 

II. OPH(OH)08Hi + 2PC1, = OPCl, (C„H,) -|- 

POCl, + PCI, + 3HC1. 
In the former case, phosphenyl chloride, PCI (C.H,), 
■woidd he formed; in the latter, phosphenyl oxy chloride, 
POClitCjHJ.^ Direct experiments showed that phos- 
phenyl oxychloride, phosphorus oxychloride, and phos- 
phorus trichloride are formed, and consequently the 
formula OPH (OHjC,Hj is correct; and phosphoroas 

Th 

acid by analogy is OPH(OII), or P( 

I \0H 



L Phosphoric Acid^ H^PO,. — This acid ia tribasic, and 
hence tliree hydroxyl groups are assumed to be pi-esent 
in it. From this follows directly the formula PO(.OH), 
The question still remains whether the phosphorus is 
quinquivalent or trivaleut in the acid. In the former 



OK 



case, the formula would Ite IV ; in the latter, 

I \0H 

on 
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^0— on 

P— on . Phosphoric add is olitaineil by treating 


phosji horns oxychloride with water. If tlie oxj-ohloride is 




;i/Ci 

l\ , then we would expect phosphoric acid to 
1 ^Cl 
Ci 


liave the former of the two formulas given. If the oxy- 


,0-CI 
chloride is P^CI , then the acid has probably 

\ci 


the latter of the two formnlaa given. The formiilaa 




II /OH II .CI 

Pi' and P/ are iisnally accepted, 

1 \0H 1 ^Cl 
OH CI 


lliough withont positive proofs of their covrectnDss. 


ryrophoxphoric Acid, S^P^O. This is & partial an- 
hydride of phosphoric acid formed by abstracting one 
molecule of water from two molecules of the acid, thus:— 


■ ' NOH 

1 

H P^OH 

^B ^0 


P^OH 1 

xOH I 

. — H,0 = >0 . 1 

p/OH 1 


^^BmL FlM.pU.ric uid 




^^Pfbe CDIIstitiition is readily understnoil by tlie aid of 1 
^K general remarks on tlie sul.jeet of anhydrides. 1 
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Melaphasphorio Acid, HPO^. — Tliis acid has a compo- 
Bition analogous to that of nitric aeii], HNO„. It is, like 
ijTo phosphoric acid, a partial anhydride of pliosiihoric 
cid, formed by abstracting one molccide of water from 
ine molecule of the auid, thus ; — 

,0 ,,0 

/'on 

JOH 

Fhmpbnrle mid. HelnplioipbDrlD uld. 

Accepting the formula for phosphoric aoid which is 
employed in this equation, the constitution of mctaplios- 
phoric acid would iLie tliat whicii is expressed. Nitric 
acid, it will he reinembtrcd, Ima probably the constitution 

no- 



P''<V" _ RO = P— OH 



Xi 



The relations between phosphoric acid and its auhj'- 
drides are shown by the following tables: — 
2(H,I'0,) — H,0 = n,P,0„ pyrophoaphoric acid. 
2(H,P0,) — 2n,,0 = 2nP0„ metaphosphoric acid. 
2(n,P0,) — 3HjO ^ P,0., phosphoric anhydride. 



■p.Oj + H,0 = 2IIPO3, metaphosphoric acid. 

P.Oj +2H,0 = n,PO„ pyrophoephoric acid. 

P,Oj + 3H,0 = 2IL,P0., phosphoric acid. 



Arsenic, antimony, and bismuth form some cora'jxinnds 
analogous to those of phosphorus here described. What 
has Iteen said of the constitution of the latter holds 
good of the constitution of the former. 

Compounds of Boron with Oxygen and wilk Oxygen 
and Hydrogen. — Boron forms only one oside, viz., B,0,, 
known as boron trioxide. 'I'he acid to which it cor- 
i-esponds is B(OH),. Wlieu boric acid, B(OH)„ is 



r 



^0 



UTlllN 1»F ClIEMIfAL fllMI'UL'N-US. UT 

Jieated for some time at 100° it loses a luoleciilc of watur, 
a jjartial anhydride being foi'mofi, thus: — 

B— on — H,o = B— on . 

\0H 

When this anhydride is heated to a much higher tem- 
perature, it is eouverted into B^O^, thus: — 

ITiie formulas of these auhydiides here given arc pui-ely 
jjothetital. 
Compounds of Silicnii with Oxygen and with Oxygen 
d Hydrogen. — ^Silicon bears a close analogy to carbon 
ill some resjiects. It nsnally acts as a quadrivalent ele- 
ment, as is seen in the compound SCI,. When this 
chloride is treated witli water, we shonld expect as a 
product Si(OH)„ which may be considered as the normal 
acid of silicon. It appears to be possible to obtain this 
acid, but it is very unstable. It loses water easily, and 
^Jhiis yields a partial anhydride, Si0,II^, thus: — 
WL Si(OE). — H,0 = SiO,H, = SiO(OH).. 
^Hn'his compound is usually called silicic acid, as from it 
^^ffe derived most of the silicates. 

If heated, this acid yields complicated polyeilioic scids, 
which, in their turn, are ]iariial anliydrides. They are 
foi-med by the union of two or more molecules of silicic 
acid and the abati-aclion of varying amounts of water 
from them. Examples of auch polysilicie adds are — 

Si,0,(OH)„ Si,0,(OH)., Si,0-(OHX, S!.0,(0H)„ etc., 
some of which are found in nature, as opal, hydrophane, 
etc. As final product of the action ,of heat on silicic 
acid, we have silicon dioxide, SiO,. 



nS t;ilBM[CAI. COMl'lJtNUS, 

Sallit.- — The constitution of the most important acitls 
being thus uodeistooil, ttint of tlie salts, in general, 
requires no special consideration ; for we have seen thai 
the saJts are very simple ck-rivatives of the acids. There 

! a few metals and groups, however, which have tlie 
proi^ei'tj of jicliling peculiar salts, and these require a 
"jrief consideration. 

Ammonium Satis. — When ammonia, NHj, acts upon 
any aeid, a salt is fornied by direct addition, thus:— 

NH, + nei = (NH,)C1 

Nil, 4- HNO, = (NH,)NO, 



2NH, 



H^SO, = 



(NH,\SO,. 



The salts thus formed are similar to the salta of potas- 
sium, sodium, etc., KCI, KNO, K,,SO., etc. Tliey eoa- 
duct themselves like true metnllic salts. Hence, the 
group XH„ which is contained in them, is supposed to 
piny the part of a metal, and to it the name ammonium 
is given. Accordingly, the salts are called ammoi: 
salts. These have been referred to incidentally under the 
head of valence. It was sliown that in tliem the nitrogeu 

quinquivalent. The fornuilas of the above salts are, 
accord inglj' — 



H 



H 



;\ci 



¥.H 



K 



XNOJ 



Balls of Copper avd Mercury. — Copper and merciii^ 
form two aeries of salts, of which the following arc 
examples; — 

Cu,Cl,. CuCl, I Hg,Cl„ HgCl, 

CuXNO,),Cu(NOA Ha,(NOJ,, Hg<lSO,), 

Cu,(SOJ, CutSO.) I Hg,(SO.), Hg(SO,). 
If we determine the formulas of the two chlorides of 
mei'curj' hy the aid of the specific gravity of their vapors, 
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we are led to HgCl and HgCl^. Ao<;orrtiiig to tKese for- 1 
raulas, merenry is bivalent and llie uorapoiuiri HgCI is 
unsaturated. It lias been supposed, however, tbat the 
rormula of the chloride J'gCl in the solid condition is ir 

HgCl 
reality ITg.C],, and tliat it lias tlie constitution I 

HgCl 
Hg 
TliG group I is bivalent aa well as tbe mercury a toid 

Hb 

itaelf, and thus the aliove two series of salts are explained. 
Tlie same explanation is given for the correspondivg 
ifattg of copper. 

A large number of compounds are known which are 
derived from salts of ammonium and contain copper and 
mercury. Tliey seem to consist of ammonium salts, in 
which a portion of the hydrogen of the ammonium groups 
has been re|)laced by copper or mercury, thus r — 

CI Dimercurv diamido- 
'" CI ' chlnride. 

NOj.NH.jHg^, Dimercuryaminenitrater ' 

'I'liese formulas are purely hypothetical. 

Similar compounds are formed with other metals, paTr- 
ticularly with cobalt, wliich furnishea a very large number 
of inlerestiiig b tan ■es f this kind. These are too 
complicated ai 1 t 1 ttl un lerstooil to permit t'ledraw- 
ing of positive lu n ncerning their constitution. 

Tlieir study pr m mj rt nt results, 

.—Iron and chromium 



FeCI,, FeCl„ or Fe,Cl„. 

PelNOj„, Fe{NO,,\, or Fe,(NO,)^ 

FeSO., Fe,(Sd.v 



ICrCl,, CrCl,, or Cr,Cl,. 

Cr(NOV, Cr NO,),, or Cl■.{NO,V 

C^SO„" Cr,(SO^f,. 

In regard to the formula of She second chloride of iron 
above represented by FcClj or Ft;,CI„, there is still doubt. 
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A determination of tho specific gravity of its vapor l&l 
to tLe formula Ft;,Cl,, whereas a itelermination of the 
specific gravity of certain other derivatives of the same 
Gonstitntioii as the chloride led to tlie simpler foi-mnln. 
If F«Clj is correct, the iron atom in the compounds cor- 
responding to this ohloi-ide is trivalont, whereas, if Fe,Cl, 
is correct, the iron atom is probably q imd rival en t, and 



C'l CI 



CI 



the conslilntiou of the compounti is CI — Fe- 
I 



Of course, the formnlas for the salts of iron will depend 
upon those which we accept for the two chlorides. It ia 
must commonly considered that iron may be bivalent or 
quadrivalent. 



nganese resemble those of i 



Sails of Alui 
s in doubt con 



I 



■^ 8Cl< 

■ the 

I 



iiim. — The determi nations which leava , 
fling the Ibrmnla of the liigher chloride 
or iron also leave us in doubt concerning the formula of' 
the chloride of aluminium. It is either AlCI, or A1,C1„ 
and aluniiniuin is either trivulent or quadrivalent. 

Melal Acida. — The four metals, iron, chi'omium, man- 
ganese, and aluminium, form hydroxides of the generaLj 
formula MO.OH, which conduct themselves like weak^ 
acids, forming salts with some metals. Thus, we have 
AIO.OK and AlO.ONn, salts of the hydroxide AIO.OH.* 

Iron, manganese, and cliromium yield adds uf tha^ 
general formula MO,II^. Tims we have FeO.lIj, MnO,H,, 
and CrOJI,. These acids are analogous to snlphuiiu 
acid H SO,, and a close resemblance is noticed lietwet-n- 
the salts of sulphuric acid and those of chromic acid, < 

hich is the best known of the three above-named acids. 
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If tlie metals are quadrivalent in tliese acids, their con- 
stitution may be expressed by the general formula — 



"H OH 



If they are bisaJout, thcii" constitution 



' OH 

would be similar to tkatof anlphuric acid. As far as tbe 
evidence thus far in our possession is concerned, we are 
as much justified in accepting one of these formulas as 
tiie other. 

A very important salt of chromium is tliat Iniown as 
iiolaasiam bichromate. The formula of this salt is 
Cr^OjK.j. It may be regarded as the salt of an acid 
which is analogous to pyrosnlphnric acid and derived 
from chromic acid by the abstraction of water, thus ;— 
OHl 

CrO/ .OH 

\0H CrO/ 

y — . H,o = )0 . 

,0H I CrO .< 

CrO/ "\0H 

Smul. CliroDilosdd. r^mchrDiniD K<^ld. 

Neither chromic acid itself nor pyrocbromip aeid can 
be prepared in tbe free condition. The group CrO^ does 
not appear to be capable of holding hydroxj'l in combi- 

,0H 
nation. So that salts of the formula CrOj — OM are 
not known. 

An acid of manganese furnishes salts of the general 
formula MnO^M. No positive assertion can be made in 
regard to the constitution of this acid, except that it is 
monobasic, and henee it probably contains one hydroxyl 
group. This gives the formula MuO^ — OH, but the 
group MnOj remains unexplained. 

Compounds of Uranium. — In connection with the sub- 
ject of bases it was mentioned that uranium forms a 
peculiar set of salts in wbich the monovalent group UO 
taltes the place of the hydrogen of the acids. This 
group UO is, like U itself, a base residue, and hepce, 
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accoriling to the generni defiDition of salts, it mny take i 

the place of hjdrogen in the acide, and the resulting i 

compounds will lie just as strictly salts as those vom- ' 

pounds in which tlie base residue consists of a. metal | 

Tanium, fiivther, foiina salts of the general formula j 
U.O.M,, which may be supposed to be derived from a 
compiek hydroxide, U,0,H, == OU.O.U(OH).O.UO. 
This formula is, however, only hypothetical. 



I 



CONBTlTliTION OF CaKBON COMPOUNDS, 

.B has already been intimated, a great deal more is 
known concerning the constitution of carbon compounds 
than is koowii concerning the constitution of tliose com- 
pounds which do not contain carbon. Having considered 
the genei-al constitution of the t^JasBcs of compounds 
with which we meet, it only remains to stndy those 
changes which the memliers of the different classes can 
undergo without losing tlieir main characteristics. We 
shall find that the compounds of carbon may be divided 
into a few distinct groups ; that each of these groups 
possesses a mother-substance from which all the other 
members of the group may be derived. The principal 
groups are : the Marsh-gas, or Methane compounds, also 
called Fatty Bodies ; the Benzene compounds, also called 
Aromatic Bodies; the Naphthalene compounds ; aod the 
Anthracene compounds. The first two groups comprise 
by far the largest number of carbon compounds. 



Mbtiiane Derivatives. (Patty Bodies.) 

First Group. 

Bodien derived from the Bydrocarbons C'„^s„. 

The constitution of methane has been considered above 
(see ante, p. 135). It was also shown that by the linking 
of carbon atoms to each other the possibility is given for 
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the formation of 


an hon 


ologo 


18 aeries, the member'i of 


which ililfer from each 


other 


by Cn„or a muUiple of 


this. The fulloTi 


iiw me 


mbera 


of this seriea have been 


particularly well studied 






Methane, 


ClI, 




Pentnne, t^jH, . 


Ktbaiie, 


c,ir^ 




Ilexane, C„H„. 


Pro pane, 


c!h!: 




Heptane, *^;3.,p 


Butane, 


c.ir;„. 







In speaking of substitution prorlucts it was stated tlmt 
only one mono-substitution product of methane eonld 
exist, according to the views now held eoTieerning consti- 
tution. The same thing is true of other substitution 
prodncts in which more than one siibstitnting group is 
present. Further, we can only conceive of one variety 
of methane itself, and only one variety has ever been 
observed. 

Derinaliaea of Ethane, C,Bg — Only one variety of this 
hydrocarbon can exist, and only one variety iiaa been 
observed. Of ita mono -substitution products also, only 
one variety can exist, and only one variety has lieen 
observed, 

Of the bi-substitution products, however, two varieties 
are possible, as may be seen lay comparing the following 
formulas : — 



IT H 

I I 

_C— 0— X 

i I 

H H 



H X 

I I 
H—C— C— X . 



In the 6rst,the substituting groups are in combination 
with different carbon atoms ; in the second, both substi- 
tuting groups arein combination with the same carbon 
atom. 

A numljer of compounds are known belonging to the 
classes of which these are the general formulas. X may 
represent any of the substituting groups with which we 
have hatl to deal; or the class groups CH OH, COH, 
CO OH, etc. 
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The Bimplest of these aye the clilorides, one of which 
is CHC1,.CH„ and the other CH.,Cl.Cn,Cl. The first 
is called ethylidene chloride, the second, ethylene chlo- 
ride. The constitution of these comixiiinds follows fi-oni | 
the following facta : — 

Ethylidene chloride is produced l>y the action of phos- 
phorus peiitat'hloride on aldeliydc. We luive seen that 

/"" 

an aldehyde contains the group — C;=0 " Ordinary 

aldehyde is CH, — C^O ' As, in the reactioD with 
phosphorus chloride, the oxygen is simply replaced hy 
chloriJie, the constitution CHj — CHCl, follows for ethyl- 
idene chloride. As a consequence, the formula — 
CH,C1.CH,C1 must he that of etiiylene chloride. 

Other compounds closely related to these two chlorides 
will be considered under the heads of ethylene, bibasic 
acids, etc. 

Derivatives of Propane, O^H^ — Propane may he con- 
sidered as a monO'Siibstitution product of ethane, derived 
from the latter by replacing an atom of hydrogen with 
CH,. From what was said above, it will, hence, be seen 
that only one variety of propane can exist ; only one 
variety has been obser^'ed. 

Under the head of substitution products, it has been 
shown that there are two kinds of carbon atoms and, 
consequently, two kinds of hydrogen atoms in propane 
(whicli see) ; and hence, further, that two different mono- 
giibstitution products may be obtained from this hydro- 



carbon. These have tlie genu 


al formulas: — 




H II H 

X— C— C-C— n and 
H H H 


n X 


H 


ii-Lt- 


i 
-C— H 


i i 


i 



The compounds represented by the first formula arfl 
known as propvl compounds; those represented by the 
second formula as isopropjl or pseudopropyl compounds. 
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I Tlie two alcohola, normal propyl alcoliol — 
— r-5H,.CH .CH OH, and pseiiiloprojiyl alcohol — -> 

•'CH,.CHOII.CH„ are the etnrting-iioiiits for the preparil 
lion of the two sei-ies of isomeric propyl cnmpounda. 
As the former is a primary alcohol, it follows, from what 
has been said coDceiTiing these aleohols, that it must oon- 
tain the group CH^OH. Tiiia it can only do if the 
bydroxyl group is in combination with one of the ter- 
minal carbon atoms. Consequently, the above constitu- 
tion is assigned to it. By replacing the hydroxyl by 
chlorine, bromine, io<line, cyanogen, etc., corresponding 
derivatives are obtained. 

Pseudoprapyl aleoliol is obtained from acetone and, 
Iteing a secondary alcohol, contains the group CH.OH. 
Consequently, its hydroxy! is in combination with the 
central carbon atom of propane. By replacing the hy. 
Hroxyl with chlorine, bromine, iodine, cyanogen, etc., cor- 
responding psendopi'opyl derivatives are obtained. 

Derioalives of Butane, 0,H^„. — Butane may be con- 
sidered as a monoaubatitution product of propane, con- 
~" iqnently, two varieties must be [lossilile, one of which 
e tlie formula — 

11 H 11 11 

I { I I 
I. H— C— C— C~C— II ; 



Biile the other woul<i Jiave the formula- 



J. .1. J, 



H H U 

a matter of fact, two varieties of liutane are known 
I us, viz., normal butane and trimetliylraethane. The 
B[tner has the constitution represented by formula I. 
jOve; the latter that represented by fovmnia 11. 
IC* 
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Prooff. — Tlie proof of the formula of normal btitnne 
is tUe ssme in unture as tUat given forelliaiie(aee p. 127). 
It is formed by tlie autiuu of zinc or sodium ou ethyl 
ioOide, according to the equation: — 



-LL, + ,-JJ-, 



. B-U-, 



Of courae, we licre assume that we linow the fomiHla 
of iodethane, but we have already presented good 
grounds for this assumption. Startingwitli this fonniila, 
we are led very easily to tlie above formula of normal 
butane. 

Trimeffiylmelhane isobtained from paeadobntyl iodide, 
the constitution of whith is known to be — 

^CI — CHj . When the iodine is replaced by hy- 

cn/ 

drogen, the hydrocarbon is the product. (See Pseudo- 
butyl Alcohol.) 

Of normal butane, two kinds of simple Bubstitution 
products are possible, of the genera! formulas : — 



H H H H 

Till 

1. n— C— C— C— C— X and II. 

I I I I 
n H H H 

Of trimethylformoue, there are 
of the formulas— 



II H X H 



I 



I I 



11 H H H 

also two kinds poaaible, 



H 



-C— C— H fiucl 
1 I 
C H 

/l\ 

nil H 



IV. H— C— C 



LL 



J I J. 



C— H. 



Representatives of all four kinds of substitution pro- 
ducts are known. The principal of these are the alcohols. 

1. Nonnal butyl nlcohol, CH,.CH,.CH,.CH,,OU. 

2. Secondary butyl alcohol, Cn,.CH.OII.CHrCH,. 



^ 



I 
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3. Isobutyl alcoLol, )CH.Cn,.OII. 

cn/ 

4. Tertiary butyl alcohol, CH^.C-On/ 

From each of these alcohols the correnponding chlo- 
rides, bromkles, etc., can easily be obtained. 

Ftqo/s. — Nomial butyl alcohol is obtained indirectly 
from normal butyric acid, the constitution of which is 
Itnown. 

Secondary butyl alcohol is converted, by oxidation into 
othyl-methy! -acetone, C.Hj— CO— CH„. "it is, hence, a 
secondary alcohol, and ite constitution ia that expressed 
abiive. 

Isobutyl alcohol is converted into isohofcyric acid by 
oxidation. The constitution of the acid is knowu, ami 
bence also that of tbe alcoliol. 

Tertiary butyl alcohol is a tertiary alcohol, and hence 
contains the group COH. It is prepared by treating 
acetyl chloride, CHj.COCI, with zinc methyl. Zn(CH,)^, 
and hence contains three groups CH^. The only for- 
mula which is in accordance with these facts is that above 
as^iigned to the alcohol. 

Derioatives of Penlane, C^H,.^. — Three varieties of 
pentane may exist. Tlieae have the formulas ; — 

1. H.C.CH,.CH,.CH.,.CH^. 

2. n,C.CH,.CH< 

\cn- 



All three of these compounds are known. The first 
•normal pentane; the second is elhyldimethyl methane; 
and the tbird telramethyl methane. 

Proofs. — Normal pentane is obtained by replacing the 
CN group of the cyanide of uonnal butane hy hydrogen. 



i 



C0MP0FSD8, 



1 



Wp have stM;n iibovo liow tlie fomiiila of the c^'anidc its^ 

is dctenniiieti. 

Etli.ylditnetli.yl metliun* is derived from ordiiuinr amy] 
nlcotiol, nnd hence hns tlie same geiieral const ituUwr^ 
The proorH i'or llie constitution of this alcobol will i> 
iveii boiow. ^ 

'IVtramelliyl methane is derived from the iodide ol 
tertiary butyl aloohol by the action of zinc rnetbyt. The 
i-eactiou tnkes place as follows:— 
,CU, 



ICH,- 



^+ZnI, 



^cn, 



I 



OH,.OI< 

rudldi al lor 111 ry 



I great variety of substitution products can he oV 
taincti from the isomeric butanes. Of the alcohols Bve 
are known, as follows: — 

1. Normal amyUloobol, CH,.CH.CH..CH..CU.OH. 

2. Amyl alcohol orferaieiitatioii, >CH.CH,.CH,OH. 

ch/ 

3. Isoaniyl (ilcohol, C'H..Cn^.CIl,.CII.OH.Cn,. 

4. Amyleueliydrate, >OH.CH.OH.CH„ 

ch/ 

6. Tertiary amyl aloohol, >C.On.CH,.CH,. 

CH/ 
These alcohols, like the others wliich have been con- 
sidered, form the staiiing-points for tlie - preparation of 

corresponding substitution products. 

Prooff — Normal amyl alcohol ia obtained from nonnal 
valeric acid, and yields this acid by oxidation. The con- 
stitution of the acid follows from Its method of prepara- 
tion. (See Normal Valeric Acid.) 

Amyl aleoliol of fermentation is obtained from ordinary 
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valeric acid by reilnution, and is cnnvertiHl into this acid 
by cxidntion. llence its constitution is similar to tliat 
of tbe acid {whicli see). 

Isoamyl alcohol is a secondaiy alcohol obtained from 
methyl propylketone. The conatitiition of tbe latter 
being given, that of the alcohol follows. 

Amylene hydrate is a accondary alcohol, the con- 
stitution of which is believed to be represented by tbe 
above formula. Good |>roof8 are lacking. 

Tertiary ainyl alcohol is formed from projjionyl chlo- 
ride and zinc methyl^ and, being tertiary, must contain 
tbe group COH. The only formula which is in harmony 
with these facts is that given above. 

Deriaalims of Hexane, CgHy^. — Three varieties of 
hexane are known. These are 

1. Normal hesane, H,C.CH,.CH,.CU,.Cn,.CH,. 

.CU, 

2. Ethyl iHobolaiie, n,C.CH,.CTI.,.CH/ 

^ClI, 



3. Diisopropane, >CH.CfI< 



Proo/V.— proofs for the first formula are wanting. 
The constitution of etliyl isobutane follows from its 
method of preparation, which consists in treating a 
mixtui-e of iodetliane and iodisobutane with sodium. 
lodisobutane, being obtained I'rom isobutyl alcohol, 
CH,, 
has the constitution jjCH.Cll I . Hence the rc- 

CH/ 
action may be represented thus : — 

)CH.Cn,I + 1CII,.CH, + 2Xa = 



>CH.CH,.CH,.CH, -}- 2NaI 

cn/ 




e. 



Ncu— Ucr ' + 2Nar . 

Fire alcolKils «nf fcBOwn wbitji sire derived from these 
nrivlwa of brxaar. Tbtry are : — 
I. PtUnary hfTjl »!«*ol, O.C.CHrCHrCHrCH^CH^Otl. 

3. S«c<mdtfT iMsji •IcotMl, B,C.CUfCB,CH,CH.On.CHy 

H.C. 
S. DiiMrUiTl pro^l cuWmI, ^C.OH.CHrG[L.CH,. 

n,c.cH., 

4. DicU>jf>w<tliTlc3itiBol, ;;C.OH.CH,. 

H,C,CH/ 
CH, 

5. DiiiK(h;lp9e<*do|voiijlcubtno), )C.OH.CH 

FroaU. — Good {u^oofs for the first romiula are wanting. 

Seeoililar)" htxyl alcofao) nelds bv partial oxidation 
mttliyl buiyl ketone. K is cooseqiiently a secondary 
alcobol. and contains tbr groups Cil, and 
CH^CH^OH^CH,. This gives the alwve formula, 

Diuetbyt propyl carbinul is obtained from butyryl 
chloride awl zinu methyl. 

Diethyl methyl carbinol is obtatueil from acetyl ehio- , 
ride and zinc ethyt. 

Dimethyl pseud ©propyl carbinol is obtained from 
iaobutyryl chloride and «inc methyl, 

Derioatioes of H^plai 
heptane are known, one 
/tfplane. 



C.ff,.-— Three varieties of 
which is probably normal 
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L Becond variety, elJnjl-amy/, 

H,C.CH,.CH^CH^CH( , 

^litained by the action of sodinm on a mixture of 
lyl and ninyl iodides, tlie latter from ordinary ainyl 
Jobol. Orilinary amy] alcohol is 

■>CH.CH,.CH,.OH . Consequently the iodide is 



CH,, 



>Cn.CH,.CHJ . The reaetioii i 






the following equation; — 

)CH.CH,.CHJ + ICH,.CH, -f Na, =^ 






CR/ 



CH.\ 



A third variety of i»£«D« 
>C< . This 

H,C'^ \ch:,.ch, 

etliyl and afetone chloride, thi 
C.H, 



Cn.CH,.Cn,.CB:,.CII, + 2N'aI . 



)rZn + CilO 
/ I 



obtained from zinc- 



4-ZnCl, . 






Dinielhyldiclliyl- 



Acetone chloride, .being produced by tbe replacement of 
the oxygen of acetone with chlorine, must have the above 
constitution. 

Some of the alcohols corresponding to these hydro- 
carbons are known. Tlie constitution of these is readily 
understood so soon as we know the methods of their 
formation. 
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Xot much is known coQcerning the conslitution of the 
remainiDg hydrocafbung of the methane series or tlieii* 
derivatives. 

Monobasic, Monatomic Acids, G^HnO,. — The acids of 
this series may be considered as substitution ^jroducts of 
the hydrocarbons formed by replacing a hy»5rogen atom 
of the latter with carboxyl (COOH). In moat cases, 
these acids have Ijeen pre|mred by converting the group 
CN of the cyanides of liydrocarbon residues into COOH. 
If we then know the constitution of tlie cyanide, the con- 
stitution of the acid is readily deduced. 

The principal members of the scries are 



Formic acid, 
Acetic acid, 

Propionic acid, 
Butyric acid, 
Valeric acid, 
Caproic acid, 



H.COOH. 

CH,.COOH. 

C,H,.COOH. 

C,H..COOH. 

C,H,.COOH. 

c,H„.coon:. 



Of formic acid and its substitution products only one 
variety is known. 

Of acetic acid and its substitution products, aiso, only 
one variety is knowu. 

Fropiotiic Acid. — With propionic acid the case ia 
different. Of the acid itself only one variety is known, 
but of the mono-substitution products two varieties are 
known. The constitution of the acid is 



H 
H— C— C— COOH . 

I I 



I 



n H 

compound, aside from the hydrogen of the carboxyl 
group, there are two kinds of hydrogen atoms — those 
combined witli a carbon .■jtom which in its turn is in 
combination with the group CIl, ; and tliose in combina- 
tion witb a carbon atom which in its turn is in combina- 
tion with two carbon atoms. The case is similar to that 
of propane, of which we saw that two varieties of sub- 
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Hei-o 



by the formulas 



e the two 



H H 
I I 



^pOBSl 

■B_t;_C— CO.OH aud X— C— C— COOH . 

^ II II 

n II H H 

Produtta of the first kind are designated as a-sabstitution 
products; those of tlie second kind as jS-substitiiticm 
products. The best representatives of these two classes 
of compounds are the two lactic acids (which see). 
Lactic acids ai'e derived from propionic acid by replauing 
a hydrogen atom of the latter with bydroxyl. One of 
the two lactic acids is obtaiued indirectly from ethylene, 
which will be sliowo to have the formula 
CH,— CH, 

I or II . To this body hvpochlorous acid may 

CH,— CH, 
he added, and the constitution of the resulting compound 

CTI,.OH 
is ) . From this, by treatment with potassium 

CII,.Ci 
cyanide, KCiV', is obtained the corresponding cyanide, 
which, when boiled with alkalies, yields lactic acid of the 

n II 

I I 

constitution 110— C— C— CO.OH. Now, Ijy replacing 

i A 

the hydroxyl group of this aeid with clilorine, bromine, 
etc., p-mono-substitution products are formed. The 
isomeric compounds of the a-series are those which can- 
not be prepared in the manner described, and are of the 
same composition aa those obtained from S-laetic acid. 

Butyric Acids.^Two acids of the formula C,n,.COOH 

I theoretically possible, and two are known. These 

normal butyric acid, CIIj.CH^.CH^.COOH, and 



^'irrtESHr* nr retiinKioTi. zBjrrmaL juty^x aciiL jradife one 
jf ~Hat "Tw» x>»»ajft: jnjBSkT^ ^wcvi- JUffrhtTrff^ It was 
3i!Liwn ;?^ IST* "Hat: ~i3at >itBe«r 2^^*^^^^^ ^T^nssrir Ibfnnrl 

sOKsuir TMiimstt. JMSvnc jKSit ikdsc 3t '^crvsii finooi 

^-C — C C— 2 

^ 3t IE 



1^ 



or&i»i^ *-*r5Trv»j<- 0.-^ iCHXH^CH^OOOH ; 



OONSTITTJTK 
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CH,.^ CII, 

iaocaproii! acid, "^CH.CU 

CH/ ^CO.OH 

p?eudiicaproia acid, \CH.C00n . 

C,H, 

Proofs. — The cyanide from normal ainyl alcohol yields 
normal caproiti acid. 

Ordinary caproie acid is obtained from the cyanide of 
ordinary amyl alcohol. 

Isocaproic acid ia prepared from the cyanide corre- 
sponding to amylene hydrate. 

Pseudocaproic acid ia obtained by introducing two 
groups, CjHj, into acetic acid, thus: — 
CHNa^COOH -f 2(C„H.I) = 

■ >CH.COOH 4- 2NaI - 

I c,h/ 

-r 
y 



P"The otiier acids of this s 
By tlie aid of the foregi 



3 are not very well known. 

examples, the method of 
determining the constitution of the known acids will be 
readily understood. 

Aldehydes. — Corresponding to every primary alcohol 
and to every acid there ia an aldehyde. The constitution 
of each of these aldehydes is given if we know from which 
acid or from which alcohol it is obtained. 

The aldehydes are prodnced from the primary alcohols 
by partial oxidation ; and from tlie acids by subjecting a 
misture of a salt of the acid and a salt of formic acid to 
dry distillation. 

Acp.loTies or Eetoneit. — The ketones are obtained by 
distilling mixtures of two acids. If the constitution of 
the acids is known, that of the ketoue obtained in each 
case is also known. 
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1 



Srm»d aroi.p. 

JSotlirs obtaiwd /rom the Hydrocarbons C^B^. 

If carbon is always quadrivalent, then the members of 

ihis series of hydrocarbons are eitlier unsntu rated, or in 

them the carbon atoms are united by more than oae 

cn — 

affinity each. Thus ethylene, C,n„ is eitbcr I , 

cn, 

an unsaturated compound, or it is |{ , in which the 

CH, 

two carbon atoms are united by me^ns of two affinities 
each. Up to the present no proofs have been given for 
either of these formulas. In regard to tbcsc hydrocar- 
ua, we only know that they easily take up two atoms 
of monovalent elements. 

Ethylene and Derivalioes. — In connection with ethane 
derivatives it was slated that two chlorides are known, 
both of which have the formula C,H,C1,. One of these 
is obtained from aldehyde by replacing tlie oxygen atom 
with two chlorine atoms; hence its formula was assumed 
to be CHCI^.CH^. The isomeric compound has the 

CH,C1 
formula | 

CH,C1 

This latter compound is obtained from etiiylene by 
direct addition of chlorine, whence it is concluded that 
ethylene itself is symmetrical, i. e., that each carbon 
atom in it holds in combination two hydrogen atoms, 

cn,- 

giving the constitution expressed by the formula | 

CH — 
CH, 
or II 
CH, 
A number of products are known corresponding lo 
CH.Cl 
ethylene chloride, | , among which may be men- 

CH,C1 
tioned the bromide, iodide, and cyanide. By replacing 
the chlorine or bromine of ethylene chloride or bromidr 
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ivith liyilroxy], an alcoliol is obCnineil iif the coiiHtitiitioti 

cn,on 

I , wlikh is the simplest representative of tlie 

CH,on 

diutomic alcohols or glycols. 

Propylene, etc. — Tlie remaining hydrocarbons of tliia 
series are obtnined for the most part by treating tbe 
chlorides, bromides, or iodides of the hydrocarbons of 
the methane series witli alcoholic potassa, by which 
means CIH, BrII or IH is abstracted from the componnd. 
Tliiis, from C^H,! we obtain G^B.^; from C.HJ we obtain 
C,n„ etc. 

In many cases the method of fonnation of the hydro- 
carbon leads us directly to its constitntion. In some 
cases a doubt exists even alter all the methods of forma- 
tion and the products of decomposition are taken into 
consideration. 

Alcohols. — Theoretically, a series of alcohols is possible, 
derived from the hydrocarbons of the ethj-leue series by 
the replacement of one hydrogen atom with one hydroxyl 
group. Only one snch alcohol is Itnowii. This is allyl 
alcohol, C.Hj.OH, or CII,=CII.Cn,.OH. 

Proofs. — Allyl alcohol differs from propyl alcohol in 
containing two hydrogen atoms less. Now, by treating 
allyl alcohol witli nascent hydi-ogen, it is converted into 
normal propyl alcohol, which, aa we have seen, has the 
H H H 
I I I 
constitution II — U — C — C — OH . Hence it is as- 
I I 1 
II H II 
sumed thnt in nlJyl alcohol, as well as in propyl alcohol, 
the hydroxyl is in combination with one of tiie terniinnl 
carbon atoms, and, accordingly, it must be either — 
CH, CH. 




At. C0MP0DND8. 

nvct we elioilUI expect alljl alcohol to yield acetic 
acid liy oxidation, ina^mucli as it cDiitains the group 
CH,iii comlniiatinn with another carbon atom. Kot a 
'trace of noetic acid is formed, however, and hence the 
Tlrat of Die two foimidaa nhove given is usually accepted. 
The proofs fur this formula nre not positive. 

IJy rcplnciiig the liydroxyl of ailyl alcohol with elilo- 
rliie, lii'oiuiiii}, iodine, cyanogen, etc., the corresponding 
chloride, bromide, iodide, and cyanide are obtained. 

Aciih, — Though allyl alcohol is primary, it cannot be 
directly oxldined to form a corresponding acid. Bat if 
tlio alcohol is first combined with bromine and then oxi- 
diliod, a bihroinpropionic acid isobtained which, when again 
fruod (if bruniinc, yields acrylic acid. These reactions 
Strengthen llic conclnsion above drawn, viz., that allyl 
iiluohol contains the group CH,OH. The reactions are — 
CHJJr 



1. 



CII. 

Oil 

01I,OH 
CH.Bi- 

I. C'HUr 

OH,OU 
CILBr 



+ 



^K 



by oxidation yields 



CIL 



I 
CHBr . 

I 

cn,OH 

CH,Br 

I 
CHBr 

I 
OOOH 



Zn = un 



+ ZnBr,] 

coon 

■d to the fornuila— 



3. CUIir + 

uoori 

Prom tliese change 

& 

COOH 

each of which differs from tlie corresponding member ot 

the series Gn Hi„Oi by containing two hydrogen atoms 



for acrylic acid. This ai 



s the Grst of a 



r 
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The 



! member succeeding acrylio acid in tins series is 
crotonic acid, to wliich the constitutional fomiulR — 
CH,=CH— CH— CO.OH is usually ftssigned. The 
grounds for this are as follows : — 

Alivl cyanide, as has been showii, has the formula 
CH,=CH— (JH,.CN. This cyanide, when properly 
treated, is converted into crotonic acid. 

When treated with nascent hydrogen, it yields normal 
butyric acid, whifh shows that the carboxyl group of 
crotonic acid is in comliination with one of the terminal 
carbon atoms. 

Similar considerations lead to a knowledge of the con- 
stitution of the remaining members of this series. None 
of these, however, have been investigated as fully as 
acrylic and crotonic u.eids. 



Third Qroiip. 
Bodies derioedfrom the ITi/droca 



^ Iii«~'. 



fVhen ethyle 



CH^Br 

H bi-omide, | , is heated with a!- 

CH,Br 



^L Be 
H|TPh< 

^^Hiolic potassa, two molecules of bydrobromic acid are 
^^Rven off and a compound of the formula C,H, is pro- 
^^aiiced, which is the first of a series of similar hydro- 
carbons. Just as ethylene must be considered either as 
unsaturated or as having its carbon atoms combined by 
the action of more than one affinity of each atom, so 
also wiLh ihe hydrocarbon CjHj, or acetylene. In the 
liitter case, however, if the compound is unsaturated, 
*ach carbon atom must be united by means of three 
The formula of acetyleiie is, accordingly. 



unlnities e 

cepted, tho 
whether tliii 



CH 

CH ' 



The latter form 



; usually i 



;h tlie grounds for it are weak. However, 
i treble union exists between the carbon 
atoms or not, we can be moderately certain that acety- 
lene, like eth3-]ene, is symmetrically constriieted, i. e., 
that eacli carlion atom is in combination with one hydro- 
gen atom. This follows fi'om the fact that acetylene is 



soo 



. COMPOUNDS. 



Tormeil by abstracting bydroliromic add fiom etliyiom 
bi'oiiiide. For tlie tatter compound bus tlie I'ot'iDijli 
CH,Br 

I , and it appears most probable tbnt the siilitliiig 

CH,Br 
off of Brll would take place as follows: — 



HBr 
HBr 



cir cn 

I or !!■ 

CH cn 



Acetylene and its homologues bave this common 
jierty, tbey each combine with four atoms of cliloriii 
bromine, thns farming saturated compounds, which may 
be regarded as substitution products of thcliydrocarbons 
of tlie marsh-gas aeries. Very little is known regarding 
the constitution of the higher members of the series. 
No alcohols are known cori-esponding to the above 
hydrocarbons, 

A few acida have been studied, the general formnla of 
which is C.ni,_,0„ which may be consiilered as derived 
from the hydrociirhona of the acetylene series by replacing 
a faydi'ogen atom with carboxyl. Their constitution 
ill no case well known. 

fourth Group. 
Diatomic Aicohols and Acids, 

It lias been stated that when we replace the bromine of 
etbj'Iene bromide with hj'droxyl, an alcohol of the coit 

CH,.OK 
stitution I is obtained. Alcohols of thia kind 

CH,-OH 

which contain two hydrogen groups are called diatomic 
alcohoh or glycoln. The l^st studied diatomic alcohol ia 
the one the constitutional formula of which is gives 
above. This is ethylene alcohol or etiiylglycol. If the 
above formula ia correct, we are justified in expecting 
that ethylene alcohol will yield two products by oxida- 
tion. The fli'st wonld be formed if only one of thfl 
groups CH.On were converted into COOII. It would 
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e the constiliiliou | . The bccodiI woi 

coon 



formed if both the grou|ja Cll^Oil were converted into 

coon 

coon. It would be | . Both these products 

COOH 
are actually known, and may be obtained by the oxida- 
tion of ethylene alcohol. They are both representatives 
of new classes of compounds, the nature of whieli may 
be easily understood- 

cn,on 

The compound | , or glycolie acid, is half 

COOH 
alcohol and half acid, and it can be shown to possess 
tbc properties of both. It is acetic acid in which one 
hydrogen atom has been I'eplaced by hydroxyl, or oxy- 
acetic acid. The acids of which it ia the representative 
are known as oxyaoidn. 

coon 

The compound | is an acid, and, IVom what 

COOH 

B said concerning acids in general, it will be recognized 
Ba liibasic acid. It is known as oxalic acid. It is the 
pt of a series of bibasic acids. 

WPialomio Alcohols, C'„if,„+,0,.— Ethylene alcohol is 
) only member of this series that is well known. In 
pird to its constitution enough has been said above to 
CH,OH 

Kow upon what grounds the formula I rests. 

^ CH^OH 

We may obtain a great variety of derivatives from this 
alcohol by replacing one or both of its hydroxyl groups 
with monovftient elements or groups. The products 
obtained by the addition of various elements or groups 
to ethylene may also be considered as derivatives of ethy- 
lene alcohol. 
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Diatomic Acidn, C,//j,0,.— The acids of wbieh glj-- 
CH,OH 
colic acid, I , is the simplest known are, aa 

COOH 

has been said above, half alcohols aod half acids, the 
alcoholic character being imparted to them by the pre- 
sence of the group OH, in combination with unoxtdized 
carlion, and the acid character by the presence of the 
group COOH. All that Las been said in regard to the 
alcoholic group OH holds good in regard to that group 
In tliese diatomic acids; and all that has l>een said in 
regai-d to the carbosyl group holds good in regard to 
that group in these acids. 

That tlie above formula for glycolio acid is correct, 
'ollows from the methods of its preparation. It is a pro- 
duct of the partial osidatiou of ethylene alcohol — 
CH,OH 

I , one of the primary alcohol groups being con- 

verted into carboxyl. Tlie fact that glycolic acid itself by 
CO.OH 
fiirtlier oxidation is converted into oxalic acid, | 

CO.OH 
proves also that the group CH^OH is present in it. 

It is further obtained by treating chior- or bromacetic 
acid with silver oxide, thus: — 
CH.Br Cn,.OH 

+ AgOH = I + AgBr. 

tiOOH COOH 

Lactic or oxypropionio acid is the succeeding homo- 
logue of glycolic or oxyacetio acid. As it is a monosub- 
stitution product of propionic acid, there must be two 
varieties possible cori'eaponding to a- and ^-chlorpropi- 
onic acids. One of these would have the formula — 
H OH 
I 1 

-C C— CO.OH , and tlio other, the formula— 

I I 
"' JI 



p^ 
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H n 

I I 

HO— C— C— CO.OH . Both of these acida are known. 

The first ia ordinary Jactic acid, or eth>ihdenelaclic acid.^ 
The Becond is sarcolaclic acid, or ethylene lactic acid. 

Proofs. — The proofs of these formulas are the follow- 
ing: Sarcolactic is obtained by boiliug cyanhydrine with 

CH,.OH 

iillialies. Cvaiihydrine, | , ia obtained from ethy- 

CHj.CN 

CH..OII 

!ene clilorhydrine, J , liy treating the latter with 

CH,.C1 
potassium cyanide. Ethylene chlorhydrine ia obtained 
by treating etiiylene witli hypochlorous acid. Etbylene 
CH, 

83 has been shown. Further, sarcolactic acid 



k 



contftina the gronp CH^OH, for, by oxidation, it yields 
an acid containing the same number of carbon atonia. 
If it contains the group CH^On, it must have the consti- 

,CH,OH 
tution represented by the formula CH <^ , which 

^COOH 
is that above given. 
The only other possible compound of this composition 
^CH. 

Conse- 
quently, the latter is the formula of ordinary lactic acid. 
Such a compound could not, by oxidation, yield an acid 
containing the same number of carbon atoms. Ordinary 
lactic acid breaks np by oxidation, yielding both formic 
and acetic acida. 

The remaining diatomic acids of the series have not 
been as well studied as the few which have here been 
considered. 



J 



) be noticed. 
»pable of 
^ e of wster from 

. Tbe ankiTdriiles Uius formed 
r udiTdrides of acids. 



.-0-. 



.fonned 



I*"*" 



aagoar 






■iijiiiili oC wster Irom one molecule 
,OH 
CH ■' ; lactic anhvdriile, 

«>OH 

fiw II 111 from one molecule of onli 

OH 
a««j iKtic »ad, CHpCH-: 

MJOOH 

Urbane Jcid«, C.Ht.^0,— Oxalic acid, C,H,0., or 
COOH 

1 , is the simplest representalive of tbese acids 

UOOH 

pos^ble. The fact that it is bibaaic,and tliat. tlie numtier 
of groups COOH coatained in a compound determiaes 
its hasicit;, leads to the formula given. 

The Becofid memlier of this series is vialonic acid^ 



CH, 



COOH 



lemlier of this e 
Of each of tbese acids a 



dy one variety 
,COOH 



The third member is succinic acid, C,H,<^ 

^COOH 

Of this there must be two varieties corresponding to llie 
two lactic acids, or the two eeriea of mono-auhatitnlion 

tiroductu of propionic acid. For succinic acid may plainly 
10 considered as propionic acid in wbich a hj'drogen atuin 
liaN Imon repliiced by a carboxyl group. The two suc- 
(.ijnic fttiids would liave tlie following formulas: — 



^ 
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H CO.OH H n 

II I I 

I E—C—C— CO.OH and 2. CO.OH— C—C— CO.OH 



■The second foiinula is ibat of ordinary 
Bd the first that of ieosvccinic acid. 



iProo/s. — ORlinary succinic acid is obtained from 3- 
tnpropionic acid, the coustitulion of nbicb we linow 
H H 

|be CN— C—C— CO.OH ; and from ethylene cya- 
i I 
H H 
CH,.CN 

de, I , which is obtained by treating ethylene 

CH^.CN 
'omiiie with potassium cyanide. 

I JsoBuccinic acid is obtained from a -cyan propionic acid, 
H CN 

ichia H— C— C— COOH . 

Fifth Group. 
Triatomic Alcohols and Acids. 

Blyc^rm. — Only one alcohol is well known which con- 
iOB three hydrosyl groups. This is glycerin. Such 
tohols are known as triatomio alcohols. The formula 
CH,OH 



Iglycerin is CHOH 
t 

CH,OH 
|Je, because. 



Thia formula is very pro- 



, of a lai 



^e number of observa- 
of carbon compounds, it seeras to be a general fact 
one carbon atom cannot hold in combination 
one hydroxyl group. If this is trne, the abo ve foiv 
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miila is the only one possible Tor glycerin. But, again, 
by oxidation, gl3-cerin yields a monobasic acid containing 
the same number of carbon utoms ; and, by fuither oxi- 
dation, apptirently a bibasic acid also containing the same 
number of carbon atoms. These facta would show that 
the group CH,OH occurs twice in glycerin. But if there 
are two groups CH,OH present in glycerin, then the for 
mula above auct'pted mnst be correct. 

Gtyceriv Acid is obtained by partially oxidizing gly 
cerin. As the acid contains the same number of carbon 
atoms as glycerin contains, it is assumed that the osi- 
datiun consists in a transformation of the primary alvo- 
hol group CH,OH into COOH; hence, the formula of 
t'H.OU 
I 
glj'ceric acid is CHOIl . Aci-ordiug to this, a bibas 

COOH 



oufriit. to be obtained by oxidiziii 



glyceric acid, just a 
dizitig glyceiiu. 1 
effected. 



c ocid ia obtaineil b 
mation has not yet 



Tetr atomic Compounds. 

The best known members of this group iire tartaric 
acid and citric acid. The former is a bibasic acid, 
taining, in addition to tlie two earboxyl groups, two 
alcoholic hydroxy! groups. It is hence a biliasic 
tetratomic acid. It is lUoxysuccinie acid, and 

CH.OH.COOH 
have the formula | . It is ohtatned 

CH.OH.COOH 
from dibrom succinic acid by treating the latter with 
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HBr.COOH CII.OH.COOH 

+ 2H,0 = ( + ailBr . 

:00H CH.OH.COOH 

; acid is tribasic, containing, in addition to its 
jee carl)oxyl groups, one alcoholic fajrh-oxyi. It is 
e a tribasic tetratomic acid. 



n addition tu tlie groups above referred to, there are 

mtaiomic and heJ^atomic compounds. Of tiie former, 

are is only one representative known. Uf the latter, 

jwevei', a large number of members are known. Among 

i are the different varieties of sugars, cellulose, and 

; and tiie acids which are derived from tiiem. All 

t is positively known of these ootnpoimds is tiiat they 

. a certain number ot" hydroxyl groups, or of 

hydroxy] and carboxyl groups. The presence of the 

carboxyl groups is detected-ttiniugh the acid properties 

of the substance. If the substance is a monobasic acid, 

on^ carboxyl group is assumed as being present in it; if 

it is a bibasic acid, two carboxyl groups are assumed as 

being present in it, etc. The number of hydroxyl groups 

present is determined by allowing acetyl chloride or 

acetic anhydride to act upon the compound. If the latter 

contains only one hydroxyl, it will take up only one 

acetyl group, C^H.^O ; if it contains two hydroxyl groups, 

rwill take up two acetyl groups, etc. 
Seventh Group. 
Cyanogen Compounds. 

In speaking of the group C2i as a substituting group, 
the pi-oofs for the formula — C^N for this group were 
Riven (ante, p. 153). Now this same group is obtained 
from the compounds known as cyanides, and hence the 
cyanides have an analogous constitution. Cyanogen 

c~y 

itself has the formula C.Nj or | . The simplest 

C=N 
compound of cyanogen is hydrocyanic acid, which con- 



I 
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BJBta of the group — C^N combipcd with hydrogen, viz., 
11— C-N. 

The hyilrogi-D nloin of this acid may be replaced hy a 
varietv uT ^n^nps or other elemeate, ns, for iostaiice, 
OH, SH, NH„ etc. Then a large uumlier of derivatives 
are obtained whiuU have a constitution similar to that of 
the acid. 'I'hua we have cyanic- acid, HO — C^S ; «ul- 
phocyanic avid, HS — C^.N; cyanamide, H,N— C:^N, 
etc. 

It has already been shotrn that there are componnds 
containing the group C^N — called e a rl>jl amines, wbieL 
are isomeric with the cyanides of liydrocarbon rcBidnes, 
■nd the proofs for tlic foimiils C=;N — have also been 
given (see anle, p. 153). 

Mustard Oils. — Sulphocyanic ncid, HS — C^^N, like 
other acids, yields salts and ethers by exchanging its 
;;hydrof!en for'metnls or hydrocarbon reaidiies. We have 
I potassium siilphocynnaie, KS — C^N; methyl siilpho- 
^cyanate, Cn,— S— 'C=N, etc. Knnning parallel to the 
ethers of sulphocyanic acid is a series of compounds 
known as mustard oils. These have the same comp'osi- 
tion as the above ethers, bnt entirely different properties 
and constitution. 

The simplest representative of this series is methyl 
mvalard ail, which has the constitution expressed by the 
formula S=C— N — CH,. A number of corresponding 
compounds are known, one of which is allyl muslard oil, 
S^C^N — CjHj. This is the oil obtained from blacic 
mustard seed. 

The proofs of the constitution assigned to the mustani 
oils are as follows: — 

Slhyl viunlard oil is formed by a somewhat circuitous 
method. When carbon bisulphide, CS„ is brought iv 

/ C,H, 
contact with ethylamine, K— H , the ethyla 

salt of ethylsulphocarbamio acid is formed, thus ; — i 

CS. + 2(NH,C,H,) = CS<^ 



Cb,, is brought in i 
, the ethylamlB^J 
rmed, thus : — ^^^^| 



IB; appropriate reactions, this salt is split up into 
iylamire, hydrogen sulphide, and ethyl mustard oil, 
le decomposition can be best interpreted as follows: — 
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ian,.NH.,.o,H, 



Hence the resulting mustard oil retains an atom of 
sulpliiii", combined by means of two affliiities with carbon, 
and the residue of ethylamine, =N.C^H5, being bivalent, 
would naturally be held by the two remaining afflnitiea 
of the carbon. But, if we examine the products of de- 
composition of ethyl mustard oil, we are also led to the 
formula above given. With water or hydrochloric acid 
it yields ethylamine, carbon diosirte, and hydrogen 
sulphide; with nascent hydrogen it yields ethylamine 
formylBulph aldehyde and hydrogen eulphide. The pro- 
duction of ethylamine indicates clearly that, in the mus- 
tard oil, the ethyl group is in combination with the 
nitrogen atom; and the production of forraylsulphalde- 
hyde, which differs from formic aldehyde, H, CO &, only 
in containing sulphur in the plaee of oxygen, also indi- 
cates that in ethyl mustard oil the sulphur atom is in 
combination with carbon. These residts are embodied in 
the formula accepted for the mustard oil. 

The ether of sulphooyanie acid, which is isomeric with 
ethyl mustard oil, conducts itself towanla reagents in 
entirely different manner. It never yields etiiylami 
but always yields a compound in which the ethyl gro 
is in comhination with sulphur, as ethylsulphide or ethyl- 
sulphurous acid ; while the nitrogen is split off in co 
tiination with hydrogen alone, or with carlion, hydrogi 
Bjid oxygen. 

Eighth Group. 
Deriuatiises of Carbonic Acid. 

' salts of carbonic acid have the general formula 
,. They are derived from a bibasic acid, H5CO,. 
Sis acid being bibasic contains two hydroxyl groups, 

OH 
1 hence we are led to the formula CO for 

OU 



I 



p 




HC CH 



x/ 



jleeondbig: to Ubb, the Molfcnle of beouae consists of 
» duMcd ebaJD of cuboa atoBS. eaefa united, on the one 
Itfodt l)f two alllnitiw with anotb^- cariion atom ; on the 
other bond, bj ooe affinttjr with ■ seconci carbon atom. 

TbU forranla, wbich was originally proposed by Kekol^, 
*CCOaDt« wUisfoctorily for nearly all the facta known 
eomxniiag aromatic bodies. These facts are mainly ttie 
following : — 

1. Uf the substitution products of benzene which co 
tflin one Hubstituting group, only one variety is known, 

ti, Of the Hubatitution products of benzene which con- 
tain two HUbHtituting groups, three varieties have been 
oUuttrvttl, an<l only three. 

3. Of tlic Hiibititution products of benzene which con- 
tain three Biibstituting groups, more than ihree varieties 
hnvf. bumi obHerved. 

ir nil the hydrogen atoms in benzene play exactly the 
Miiitii' ]>Jirt<, then till' Drat fact mentioned would follow U 
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.1 matter of course. In the above formula, all the hydro- 
gen atoms are represented ns playing the same parts. 
Each oue is sitaated exactly like all the othera with refe- 
rence to the whole molecule. 

A great many eflbrta iiave been made to obtaiu iso- 
meric mono-aubBtiliition products of benzene, but they 
have all been unsuccessful. 

Again, if we examine the above formula cni-efully, we 
find that there are three and only three pairs of hydrogen 
atoms in it which differ from each other in the positions 
of their individual atoms. Numbering these hydro; 



CH3 



we can distinguish the following pairs : I. 'i, 1.3, 1.4, 1.5, 
1.6 ; or, beginning with 2, we would also have five pairs ; 
but, ii9 all the hydrogen atoms of benzene play exactly the 
same parts, it ia plainly immaterial with which one we 
begin, the resulting pairs will be identical. Thus, 1.2 is 
identical with 2.3, 3.4, 4.5, imd 5.6; 1.3 ia identical with 
9.4, 3.5, 4.6, and 5.1; 1.4 ia identical with 2.5, 3.6,4.1, 
iind 5.2 ; etc. But, further, 1.2 is also identical with 1.6, 
and 1.3 with 1.5, Hence, of the five original pairs we 
have only three left. These are 1.2, 1.3, iind 1.4. They 
are the only ones that dilfer from each other essentially 
in the benzene formula of Kekuld. If, then, sulistitution 
products, containing two substituting groups, are obtained 
from benzene, they have one of the three following for- 
mulaB, in which X represents a monovalent substituting 
group or element : — 



CH 

I ; 
ex 



H 



X 



^B was Btated above, only three varieties of liisubsti- 
tiition products of benzene have ever been observed. So 
that here, again, we have perfect harmony between facta 
and the hypothesis. 

No one clainia that the benzene formula of Cekul^ 
represents the actual arrangement of the atoms in space. 
It undoubtedly represents certain trnths, however. It 
represents tbat in tbo molecule of benzene, the hydrogen 
atoms are arranged sy mine trie ally, and that all the parts 
of the molecule are symmetrically arranged. We do not 
know positively that tbei-e is such symmetry in the ben- 

le molecnle, for we know nothing of molecules thera- 
aetves, but, from all the facts known to us, it seems fair 
to conclude that this symmetry of the different parts is 
characteristic of the benzene molecule. 

Substitution ProductH of Benzene. — Of mono-substi- 
tution products we have only one variety. We have only 
one monocblorbeiizene, C^HsCl ; only one oxybenzene, or 
phenole, C.Hj.OH; only one benzoic acid, CI„Hs.0OOH; 
only one toluene, 0^11^.0 H„ etc. etc. The constitution 
of moat of these derivatives is veiy simple. Ttiere ia a 
peculiarity, however, connected witii those which are 
formed by replacing one hydrogen atom of benzene with 
a hydrocarbon residue. The simplest compound formed 
in thia way is toluene, which consists of benzene in which 
a hydrogen atom has been replaced by the methane resi- 
due CH, ; if, instead of the residue CH„ we introdnoe 
CjHj, we obtain ethylbenzeue, C,H-.C,Hj, which is plainly 
an homologue of toluene ; so, also, the residues CjH„ CjH,, 
C,H,i, etc., may be employed, and thus we obtain au 
homologous series of aromatic hydrocarbons, all of which 
are mono-substitution products of benzene. These may, 
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fiu-tlier, all lie reg.niilefl aa subsVitulioii products of the 
liyJrocarbons of the methane series. Aceorrlingly, of 
toluene and ethjibenzene, wh'ieli are niono-subatitution 
products of methane and ethane respectively, only one 
variety each ia possible ; while of the next homologue, or 
propyl benzene, CgHj.CjH., two varieties ai-e possible, cor- 
responding to the a- and ^-moDosuhstilntion products of 
propyl,or to the propyl and isopropyl componnda (which 
see). The main members of tlie series of hydrocarbons 
tliua referred to arc : — 
Benzene, f^sH,. 

Toluene or met Jiy! benzene, C,II, or C„n,.CH,. 

Ethylbenzene, C,II,„ or C,Hj.C,IL. 

Propylbenzene, C^„ or C„H .C.H,. 

Bntyihenzene, C„H„ or C5Hj.C,H„. 

Amylbenzene, C„H,o or CjH.-CjH,,. 

Of these hydrocarbons, two kinds of mono-substitution 
products are possible, viz., those in which the substi- 
tuting group or element is situated in the benzene nucleus, 
and those in which the substituting group or element is 
situated in the other residue. These other residues, 
however they may be constituted, are known aa lateral 
chains. It is plain that substitution products of the latter 
kind correspond closely to those of the hydrocarbons of 
the methane series, and hence they need no special con- 
sideration here. If a substituting group or element 
enter into the benzene nucleus of any of these hydro- 
carbons, of course we have no longer to deal with mono- 
substitution products of benzene, 

Bisvh^tiluHon Products. — 'I'he three classes of bi- 
derivatives of benzene which we have above recognized 
as possible, have been designated respectively as orlho, 
laeta, and para compounds, or, by others, as 1.3. 1.3, and 
1.4 compounds. Tlie former ex|jressiona are to be pre- 
ferred, for tliey are independent of any hypothesis con- 
cerning the positions of the aubslituting groups. It is 
usual to consider tlie expressions ortho and 1.2, meta 
and 1..5, para and 1.4, as identical, but tliis imjiliea tlint 
the following formulas have been proved, while tlii'y have 
not lie 
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HC CX 



'V 



H 



H 



HO 



e three classes of 



What we really know ia that ther 
these hi-substittition products, and tliat the members of 
any one of these clasaes can he converted into each other, 
tliuB showing that they are allied. There are three com- 
pounds, each representmg one of the three clasaes to 
wliich all other bi -substitution products are referred, if 
possible. If the constitntion of any such product i 
unknown, it is only necessary to convert it into one of 
the three compounds, when the series to which it belongs 
is assumed to be known. The three compounds are the 

,COOH 
isomeric, bicarbonic acids of benzene, C„H <f , 

^COOH 
viz., phthalic, isophthalic, and tcrephthalic acids. Alibi- 
substitution products wliich can be converted into phthalic 
acid are known as ortho-compounds ; all that can be con- 
verted into isophthalic acid are known as meta-compounds ; 
and all that can be converted into tcrephthalic acid s 
known as para-co in pounds. 

The conversion into these acids need not always be I 
direct. If it be possible to convert a compound into 1 
another which, in its turn, can he converted into one of 1 
the above acids, tlic same conclusion is drawn as in the f 
case of a direct conversion. " Of course, the accuracy of J 
the conclusions drawn witli reference to the constitution i 
of bi-substitution produuts depends upon the trustwortbi- 
ness of the reactions employed in effecting the conver- 
sions. Some reactions employed for this purpose have 
been found to give inaccurate results ; that is to say, llie 
products resulting from an application of these re.-ustioim 
belong to different series from tliose to wliich the original 
compounds belonged. It \a ver^ ^pco'Lis.VklQ that some 
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I 

compounds now dassifiRil witli oue senes in consequence 
*^f Bome conversion, may be foniid, by future investiga- 
.^ons, to belong to a ditferent series. 

The formulaa given above aa representing the relative 
'jwsitions of the substituting groups in oi-tlio-, meta-, and 
para-compounds are based upon the following facts: — 

It will be shown that naphthalene (which see) probably 
has the formula — 

H H 
C— C 



HC 



CH 



/ \ 

no I. 2. CH 



-/ 



Iy oxidation, naphtbalenc yields phtUalic aei(J. It seems 
l^bablc, therefore, that the carboxyl groH])s in the acid 
have the same relative position as ^at of the groups 
numbered 1 and 2 in this formula^H^onaerjuently, ortlio- 
compounds, or tliose which can be converted into phthalin 
acid, have their substituting groups in the positioos 1.3 
in the benzene nucleus; or, what is the same thing, the 
substituting groups in oi'tiio compounds are combined 
with adjacent carbon atoms. 

It will also be shown that mesitjlenc (which sec) prob- 
ably has the formula — 

CH, 



CH 
I 
C.CH, 



jBy partially oxidizing this hydrc 
hained of the formula — 
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COOH 

I 
I 

C 

/\ 
HC CH 

II I 
CH,.C C.CH, 

\^ 
C 

H 

When this acid is heated under proper conditions 
carbon dioxide is given off and a hydrocarbon is obtained 
of the formula — 

H 
C 

HC CH 

II I 
CH^.C C.CHj 

C 
H 

Lastl}', when this hydrocarbon is oxidized, both the 
groups CH3 are converted into COOH, and the resultiug 
acid is isophthalic. Hence, if the formula of mesitylene 
is eori'ect, that of isophthalic acid is also correct- 
By exclusion, terephthalic acid becomes a 1.4 com- 
pound, and, consequently, all para-compoands are 1.4 
compounds. 

It must be confessed that these proofs are not strong 
enough to command universal respect among chemists. 
As the expressions 1.2« L3«and 1.4 are iu common osase. 
it is well, however, to know the groumis npon vhieb 
their use is based. Some of the principal bi-$abi>titadi»tt 
prvxiucts of benzene are given in the following table, 
which shows also to which series the compooods belong: — 

Ortliv^. Xeix PHr» 

l^'titbuikac acid, Isophthatltc acidL Ter^piitiLilic a^cid, 

ScilicvUc tcivU Vhtv6«?nzoic acid, PanjxTb^nzoic *ci i- 

**^VHiTuitr»>N*tt«^«'?v Xet^^n\tTt>b«a2«^«e. F^iWiiiirttrobeiLrene. 



r 
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It is well to note here that wlietlier hotli substituting 
gt'oups be tlie snme oi' not, only three kinds of products 
can be obtniued. 

Tri-nubuliluCion Prodiiots. — The most important of the- 
tri-substitution products of benzene is mesitylene. The 
formula of this hydrocarbon is CjH,,, ]Jy oxidation it 
yields, according to the energy of the reaction, three 
different products. The first, mesitylenic acid — 
OjH^COOII, is monobasic; the second, nvitic acid — 
C,II„.(C00H)5, is bibasic ; and tlie third, trimesinic acid, 
C,H,.(COOH)„ i8 tribasic. All of these acids, when 
heated with lime, yield eitlier benzene itself or derivatives 
of benzene. Hence, it" is concluded that meaitylene is 
benzene in which three hydrogen atoms are replaced by 
the residue CH, thus, C,H,(CH,),. By oxidation each 
one of these groups in turn is converted into carboxyl, 
yielding thus the three acids above mentioned. It still 
remains, however, to decide what the positions of these 
three substituting groups in the benzene nucleus are. 

The following method of consideration leads to tlie 
formula for mesitylene given on page 217 ; — 

When acetone is treated with eoneentratfid snlphiinc 
acid, water is abstracted and the residues of three mole- 
cules unite to form mesitylene. It seems to be fair to 
assume that the three residues are constituted exactly 
the same, as they are formed under exactly the same 
conditions, from the same compound. If they are the 
same, the}' must each be CjH,. Three such residues 
night be formed from acetone, thus ;— 



Acetone is CH, 

arranged — 




three molecules may be 



sao 



GKBMtC 



, coMPnL*»^s. 



If wnter is abstrncled in the manner indicated by the 

lineB, we have left three resiiliiea, C,H., and, if these 

unite, they would form a corapomid of the constitution 

represented by tlie following rormula: — 

CH, 



HC CH 

1 li 
CH— C— CH, 



This is the formula accepted for mesitylene; and from 
tills we conclude, as above seen, that met a- com pounds 
liBve their substituting groups in the poaitioua 1.3. 

If this formula is carefully examined, it will be aeei 
tijat each one of the three bydrogen atoms remaining ii 
tlie benzene-nucleus ucui)|iieB a similar position to that 
occupied by the other two. Accoi-dingly, if this formula 
is correct, we should expect to find that, by the uit^x)- 
duction of one substituting group into mesitylene, only 
one product would be formed. This has actually been 
found to be true. 

Ueaidca mesitylene, there are many tri-substitution 
))roduuts of benzene known, containing such elements as 
01, Bv, I, and such groups as NO,, NH^, SO,OH, etc. 
The principle, according to which the position of the 
substituting groups in these compounds is determined, is 
this : One of the groups is split off, and the constitution 
of the resulting bi-aubstitution product is determined aa 
above; then from tlie oi-iginal compound some other 
group is split olf, and the constitution of the bi-substitu- 
tion product resulting in this case also determined. We 
are thus able to judge of the positions of the three groups 
with reference to eacli other. There are not many com- 
pounds, however, which can be subjected to this bind of 
examination with satisfactory results, so that the con- 
stitution of these tri-derivatives is not really as well 
known aa that of the bi-deriva lives. 

Thoae derivatives ot benieiWft TtW^ia tQii\.«.uv Eaut or 
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five suhBtitiUin^ elemeiit:^ or groups have not been very 
fully invt'sligateil, 

Also only a few hexa-derivatives are known, the most 
important of which is ■mellitic acid, C,{COOH),, or 
benzene, in which all six hydrogen atoms are replaced by 
carboxyl gronps. 

PectiUar Benzene Deriaatioee. — Among benzene 
derivatives we find three classes whiuh are not 
represented among the fatty bodies, and hence they 
require some attention here. These are the phenolen, 
quinones, and azo-bodies. 

Phenoles. — Phenoles are the oxj'-derivativea of ben- 
zene and its homologues, formed by the introduction of 
hydroxy! into the place of hydrogen in the benzene 
nucleus. The corresponding eorapoiinda of the hydro- 
carbons of the methane series are all alcohols, either 
primary, secondary, or tertiary. The phenoles are, 
however, not alcohols in the sense in which that term 
has been used np to the present. By oxidation Ihey 
yield neither aldehydes, acids, nor ketones. 

The presence of hydroxyl in phenoles can be proved 
in the some way that it was proved for other bodies 
containing hydroxyl. 

There are monatomic phenoles, containing only one 
hydroxyl; biatomic phenoles, containing two hydroxy Is; 
triatomic plienoles, containing three hydroxyla, etc. 

Quinones.- — The qiiinones are derived from benzene 
and its homologues by the introduction of two atoms of 
oxygen in the place of two hydrogen atoms in the bon- 
zenc-nuclcus. Thus the simplest qninone has the formnla 
C,H,0(. The two oxygen atoms are supposed to tovra a 
bivalent group, -^0 — O— , by combining with each other 
by means of one of their afSnitles each. Most qninones 
are derived from para-compounds by oxidation, as from 
hydroqninone, and hence it is concluded that the hydrogen 
atoms replaced by tiie bivalent group — — O — in the 
formation of quinones usually occupy the para-position 
with reference to each otiier. Acconlingly, if the para- 
position is 1.4, the formula of ordinary quinone is — 
19* 
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Y 



All qiiinones are suppoaed to be similarly constituted, 
thougli it is still a question whether all quiuones are 

para-compounds. Certain experimenta seem to indicate 
that tliei-e are qiiiiiones wliich belong to the meta-series. 

Aio- and Diazo-Bodies. — These bodies, as their names 
imply, are nitrogen derivatives. They arc derived from 
benzene and its homolognes by the replacement of hydro- 
gen by nitrogen. We sliall consider those which are 
derived from benzene, aa the others are very closely 
related to these, and will be understood if these are. 
The diazo-derivatives of benzene are obtained from the 
salts of anilin or araidobenzene, CjH,.NH„ by tlie action 
of nitrous acid. Thus anilin nitrate, CgH^.NHi.HNOj, 
yields diazobenzeue nitrate ; anilin sulphate, 
(CjHj.NH,)^H,SO„ yields diazobenzene sulphate, etc. 

If we consider aimply the empirical formulas of the 
salts of diazobenzene thus obtained, we shall find that 
they differ from the anilin salts in containing CjH,N, in 
the place of C^H^NH,. The salts consist of the acida 
pins this group. Thus the nitrate is C,H.N„.HNO,; the 
sulphate ia C,H,N,.H,SO„ etc. These formulae are not 
supposed, however, to represent the constitution of the 
salts. If the group C,H,N, actually existed in these 
dinzo-bodies, it is plain that they would be bi-substitution 

I products, that is to say, two hydrogen atoms of benzene 
would be replaced by two nitrogen atoms. It was at 
first supposed tliat each of these nitrogen atoms played 
the part of a monovalent element, and the diazo-cora- 
pounds were looked upon as analogous to bichlorbenzeiie, 
binitrobenzenc, etc., thus : — 
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Y 



CCl 

I 



H 



I It was 1 



30T1 Tonnd, however, that, when the dinzo- 
I decomposed, they almost always yielded 
^rivntives of benzeue in which the gronp CjHj was 
idoubtedly present. Thus the following decompoai- 
_»n8 of diazobeuzcue sulphate yield, in each case, a 
bivative containing C,H.: — 

FWhen boiled with alcohol, the products are benzene, 
Itrogen, and sulphuric acid — 

C,H,.N,.HSO. C.H3 1 N, [ nsO. 

yield 



H H 



H 



H 



, When boiled with water, the products are pheuole, 
itrogen, and sulphuric acid — 

C^,.N,.HSO, C„Hj I N, I HSO, 



OH 



yield 



OH 



^ When treated with hydriodic acid 
^benzene, nitrogen, Aud sulphuric ac 
0,H,.N,.HSO, CjH, 

yield 



I 



H 



I 



the products 



H 



I Other reactions indicate as well that the group C,IIj is 
reaeut in the diazo-coni pounds. But, if this group is 
peeent, the two nitrogen atoms must form a monovalent 
toup, or, at all events, they must be so combined that 
^y can take the place of one hydrogen atom. Now, if 

wo nitrogen atoms which have tbe same valence be 

combined, tiiey must either form a neutral group with 
all its aliinitiea satisfied, or a group which is at least 
bivalent. Such a bivalent group would \ie ftivwiii,^^ I-ot 
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instaoce, if two nitrogen atoms were to \x anited by 
means of two atfjiuties each, thus, — N^N — . If this 
group should replace one hydrogen atom of benzene, the 
constitution of the resulting compound would be 
C^Hj— N^N — . Such a compouml would be unsaturated. 
No compound of the formula C|,H-N, has been obtaiued, 
but all the derivatives of diazobenzene can be esplaiued 
on the su])positiou that they are derived from tlie com- 
pound C,Hj — N^N — . Uriess, who discovered the 
diazo- and azo-com pounds, and has given a great deal of 
time to their study, has described a body of the formula 
C,H,N.„ which he calls diazobenzene. If this body really 
exists, the conclusion above drawn concerning the pre- 
sence of the group CjHj in diazo-bodies would be weak- 
ened; but there seems to be just cause to doubt its 
existence. 

Accepting the group C^Hj — N=N— as the foundation 
of the diazo-compounds, these may be formulated aa 
follows :— 

CjHj — N=N — Br, diazobenzene bromide, 

CaH,— N=>'— NO., diazobenzene nitrate, 

CJi^ — X=N — HSb,, diazobenzene sulphate, 

C,Hj — N=N — OK, diazobenzene potassa, [|zcne. 

C,H,— N=N— NH(C.HJ diazobenzene diamidoben- 

Jzobemene is formed liy the reduction of nitrobenzene. 
Its formula is Ci,H|„N,. As nitrobenzene contiiins the 
group C,Hj combined with N, we can assume that azo- 
benzene consists of two such groups CjHj — N^. If 
these combine in the simplest manner, we would have 

0,H— N 
the formula || , expressing the constitution of 

C,H,— N 
azobenzene. This is the formula ^-hich is now generally 
adopted. 

According to this, the azo-compounds are very closely 
related to the di azo-com pounds. Both contain the group 
— N=N — in combination with C^H^ In reality, the 
azo-compounds differ ver^' much in their chemical con- 
duct from the diazo-com pounds. The decompositions 
which they undergo take place in a manner entirely dif- 
ferent from that already noticed as characterizing the 
decomposition of diazo-compounds. 



This difference lias lerl some chemiata to abandon the 
'ormiilas above given for tliediazo-compounds, proposing 
n their place otliera. Tbe compounds are supposed to 
compounds of the general foraiula— 



Tlioy contain one quinquivalent and one 



N 



trivalerit nitrogen atom. The relation between e 
nitrate and diazobenzene nitrate is shown thus: — 



c.n, 

I 

N— O— NO, ; 



J 



Initi 

^^r It remains to be determined, by future experiments, 
which of the formulas for diazo-com pounds is correct. 
Up to the present there exist no gooil proofs of either. 



\. 



INE DERIVATrVES. 



I The hydrocarbon naplithaleae has the formula C|„Hg. 
i couaidered as being formed liy tlie union of two 
izene nuclei, and as having the constitution expressed 
e formula — 

H H 
C~C 



EC 



CH 



C— C 

n H 

I This formula is deduced from the following facts: 
■ > a derivative of naphthalene known as diehlor- 
iplithoquinone, which has the formula C,„H,Cl.,0.j. 
'^eii this substance is oxidized, it yields phtlialic acid, 
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which is a bi-snlistitution product oT benzene. We seel 
thus that those carbon atoms in didiloniaphthoquinone I 
which are not in combination with chlorine form a ben- I 
zene nucleus, so tliat we might write the formula of tlie I 
compound C,n|.C,C1^0,. This formula does not tell ub I 
in what manner the atoms C,CIjOj are united, bnt, by | 
the aid of another experiment, this can be determijied. ' 

When diehloraaphthoqiiinone (the same substance used 
in the preceding experiment) is treated with phosphorus 
pentachloride, it is converted into pentachlornaphthalene, 
the formula of which, according to what was said above, 
is CjHjCl.C^Clj. By analogy, we wonld expect this com- 
pound by oxidntion to yield monochlorplithalic acid; it, 
however, yields tetrachlorplithalic acid. This shows 
that the four carbon atoms which are in combination 
with chlorine form part of a benzene nncletis, as well as 
the other carbon atoms of naphthalene. It is thus proved 
that in naphthalene there are two benzene nuclei. The 
only formula which agrees with this fact is the one above 
given. 

The derivatives of naphthalene resemble those of ben- 
zene, and much that has been said concerning this latter 
would hold good in regard to the former. All the hydro- 
gen atoms of naphthalene may be i-eplaeed by substi- 
tuting groups or elements, and thus, as will be I'eadily 
seen, a large number of substitution products may be 
olitained. The possibilities for instances of isomerism 
are greater in the case of naphthalene than in the case of 
I, but the principles governing the matter of iso- 
are essentially the same as those which we have 
already considered in connection with the isomeric sub- 
stitution products of benzene. 

Anthracene Derivatives. — Anthracene, like naphtha- 
lene and benzene, is the mother-substance of a large 
group of compounds. Its formula is Oi,H,„, In regard 
to its constitution, the view is now commonly lield that 
it consists of two benzene nuclei, C„H„ held together by 

II- 

means of the group IIC — CH , each carbon atom of 

I I 

wUUh is united with both benzene nuclei, thus: — ■ 
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[C Cfl 



I This fonmila alien's the relation between anthracene 
nd anthraqninone, ^vUii:h latter compound !i]j|jeai's to be 



l/ 



/C,H. 



The iLitter formula best esplni 



•\co/' 

I formation of antbmquinoue from lienzoio acid, and 
B formation of beuzoii; acid from nnthraquinonc. 'I'lie 
r transformation is represented tlius : — 



p.|a|C0|0H| 
fcHjHIOO OHI 



CO'^ 



;c,H, + SH, 



[ The formation of aiithraquinone from anthracene would 
b then rept«aented thus; — 

.CH, ,C0 

"^ I >CaH. + 30 = c,n/ ;CjH, + h,o . 

I Accortiing to these interpretations, anthraquinone is a 
loublc acetone. It has been suggesteil, further, thut all 
^uinones are nothing but double acetones. (See Qui- 
nones, p. 221.) 

The derivatives of Hnlhrat-ene resemble in some re- 
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9pects those of naphthalene and of benzene. It will be 
seen, however, that some differences must exist between 
them. 



Other hydrocarbons allied to naphthalene are pyrene, 
chrysene, and phenanthrene. These have not been in- 
vestigated very fully as compared with naphthalene and 
anthracene themselves. All of these three undoubtedly 
contain benzene nuclei as essential parts of their mole- 
cules, but tiiere is still some doubt in .regard to the 
manner in which these nuclei are united. 
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ERRATA. 

VIV I 

Page 84, line 2 from bottom, omit " nitric acid, N 0^(011)." 

Page 84, bottom line, omit "nitrates and." 

Page 191, middle of page, read **A third variety of heptane" for 

**A third variety of hexane." 

Page 217, middle of page, after the sentence ending **1 and 2 in 
this formula," insert *• these groups being considered 
in their relations to the upper benzene nucleus." 

Page 227, the two middle carbon atoms in the formula for 
anthracene should be connected by a line. 



CATALOGtIE OF BOOKS 



i3:Eii<ri=!.-5r o. lei^!^. 



The books in 
ksoftbemull 


e UQited gtatex 
however, are as 


will be Bent 
on receipt 
nmed, either 


hy mnll, post-paid, to 
f the printed prioea. 
onn.oneyotbook8. C 


imen -will thor 






ea, finditm 


re convenient to deal 










Dst ailed oatal 
laitrated cuta 
tfaeiptDflOasn 


ogues 
ogne 
is. » 


nmiahed 

f 04 OOtUT 

ddress, 


r sent free by mail on •pplloatlon. 






Nob. 706 


and 708 San 


HENRY C. IBA, 
om Street, Philadelph 



I>EHIOI3iaA.X.E 



MEDICAL HEWS AHD tIBHAET, i 



Quarterly, 
MEDICAL HEWS AND LIBHAET, monthly, 
MOHTHLT ABSTSACT OF MEDICAL SCIENCE, 
pages per month, nr nearly (100 pages per annum. 
In all, about 2100 large 8vo. pages per annnm. 

-AJTEDICAL NEWS AND LIBBABY, monthly, in adva 
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■ETRICAI JOH „ 
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2 RENBY C. LEA'S PUBLICATIONS. 

ABHTOV (T, J.) ON THE DISKASES. INJURIES, AND MALFOII 
MATI0N8 OF THE RECTDM AND ASUS. With r 
HtibitMl Con Bli potion. Eerond Ameriean from the fonrlh London 
edition, with illmtmlioM. 1 vol. Bvo.of abuul SOO pp. Cloth, #3 39 

AeUWELL (SAHUEI). A PRACTICAL TRBATISG ON THE SIS 
BASES OF WOMEN. Third Americon from the third London cdl 
tion. In une Svo. to!. oTi^S pngeii. CLulh, $3 SO. 

ASHHnRST (JOHN. Jr.) THE PBINCIPLE8 AND PRACTICE 01 
SUHGERY. FOR THE C8E OF STDDESTS AND PRACTI 
TIONERS. to 1 large Svo. vol. of over lOflO piig«, oontnioing SSi 
wond-cnt«. Cloth, tB iV; lenthrr, t7 &0. 

ATTFIELD (lOHH), CHEMISTRY; GESERAL. MEDICAL, AND' 
PHARMACEUTICAL, SeTBOlh edition, rsriaed by the« ■ 
1 TOl. 12mo. Cloth, $2 75; leather. |,1 2S. 

BLOZAK (C, 1) CHEMISTRY, INOBHANIC AND OROANIQ 
Wftb Biperlusnls. In nna handeame nctaco Tolame of 700 pi 
with SOU ilUiitTalioni. Clntb, |4 Ud -. leather, S5 UO. 

BRINTOK (WILLIAM). LECTURES ON THE DISEASES OF TBI 
STOMACH. From Ihe second London ed. I Tot. 8fo. Cloth, (3 » 
BRUFTON (t. LADDER). A. MAHOAL OF MATERIA UEDICJ 
AND THERAPEUTICS. In "ne Sro. rolmno. (Prrpam " 
BIOELOV ("HEHEY J) ON DISLOCATION AND PRACTURB 01 
THE HIP, «ith th* Reduetinn of the Di»loe«tion9 Ij the r " - 
Ibod. In one S<o. col. of ISO pp., with illuBtr&tlons. Cloth, S3 BS 

BASHAH (W. B.) RENAL DISEASES; A CL'NtCAL QUIDS T( 
THEIR DIAGNOSIS AND TREATMENT. With illnsi™iioB 
1 vol. 12ino. Cloth, $2 Oft 

BUH8TEAD (F, J.) THE PATHOLOGY AND TREATMENT Ot 
VENEREAL DISEASES. Third edition, rrviaed and enlarged, WUIl T 
ma.<trntiona. 1 vol. 8vo.. of over TOD pngea. Cloth. t& ; leatbor, |«. I 
AHD CDLLEBIEH'SATLASOFVENERBAL. See--CDLi.iBiKB." 1 

BARLOW (GEOHGB H.) A MANUAL OF THE PRACTICE OF 1 
MEDICINE. 1 vol. Svo., of over BOO pagea. Cloth, $2 SO. I 

BilBD (ROBERT), IMPREKRIOSS AND EXPERIENCES OF THB \ 
WE.ST INDIES, I vol.rojal 13ino. Cloth, 75 oeota. J 

BARNES (ROBERT). A PRACTICAL TREATISE ON THB DIS- 
EASES OF WOMEN. .InonehnndsomeSvo. vol. ofahootBOOpagea, 
wilh 169 illuatrutions. Cloth, (5 ; leather, SB. 



na. Cloth. $6 26 ; leather, ST 19. 
TJEMTOWE [lOHK 8tBB), A MANUAL OF THE PRACTIOBO! 
MEDICISE. A new work, edited nith additions by Jamea II, 
Hutuhinaon, M.D. In ona-handsoms Svo. volumt of or*r "■" 
pngea. Cloth, (& .'>» j leilher, fl SO. {JhiI rxa'ly) 

B3W1IAN (JOHN E.) A PRACTICAL HAND-BOOK OF MBDiC'At 
CHFMISTRY. Siilh AtOHrican, fr<iui the fourlh London edUioB. 
■With numeroua illustrations, 1vol. l2mo, ofSSOpp, Cloth, S3 U. 

INTRODUCTION TO PRACTICAL CHEMISTRY, INCLUD. 

INQ ANALYSIS. Siith American, from the alith London edition, 

wilhnQmeroUBilluetralii>ns. 1 vol. 12raD. of 350 pp. Cloth. tSJS. 

I'^LLAHY'B UANDAL OF SURGICAL ANATOUY, Wilh num .__. 

ilfustretioni. InOTioiaja\llniD.'iCi\. C\u\.t.,%l1i. (.L>(«/y|MH«t,l 
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A PRACTICAL TREATISE OS DIS- 
'i EIE. Witb AdrlitioDs anil test types, by Jnbn 
Oreen, M.D. In one banilaouiB Hvo. vol. ot ubout 50U pngea, wilb 
121 illustrations. Clulb, t^ 15, 

CH&HBEB5 [T. K.) A MANUAL OF DIET IN HEALTH AND 
DISEASE. In oae hnndaomB ootaru volums of 3tU piigea. Clutb, 
(2 75. {JuiliMTiud.) 

RESTORATIVB MEDICINE. An Hsn-eisn Annnal Or.tion 

dalivcred ut tbe Roynl College of Phyaislana, LuadoQ, Jans 21, 18T1. 
Id r>Qeii]inIl IZmo. volume. Cloth, $1 DU- 



CaEPENTEH (WM.B.) PRINCIPLES OF HUMAN PHYSIOLOaT. 
From tbe Bigbtta English Edition. In »ne large rol. Sro., of IIIS3 
pugea. Witb 373 iUuettationj. Cluth, (5 60 ; leatbar, taisod bnnda, 
tfififl. IJuUitiiiid) 

PRIZE ESSAY ON THE USE OF ALCOHOLIC LIQUORS IN 

HEALTH AND DISEASE. New adition, witb n Prefi.oe by D, F. 
Condie, M.E ■"" "' ■ "■■ 

OLKLAND [JOl 
THE hum; 

-A HisroHT OP MsniciNK m 
I, M. 0., Lute Prof, of Malaria 
Univ. ; Ueory J. Bjgeluir, M.D., Pi'of. nf Surgery 
in H-rvnrd Unir. : bnmuel D. Qroes, M.D., D.C.L. Oxoo,, Prof, of 
Sorgery io JoffarBon Med, Coll., Pbllndn.. ; T, Qaillard Tbomaa, 
Prof, of ObsUtrica, eta., in Coll. of Pbys. and Surgeong. S. Y. j J. 
S. BUliDge, M.D., U S.A., Librarian of National Meaioal Libra-y. 
Waphington. In one bandsome royal I2ido. Tolnme of 306 pages. 
Clolh, {2 23, 



UNITED STATES. Witb a Supplement by R. E. Qriffltb. In one 
Svo. roL of over 1000 pnges,oontaining 213 illustrationa. Clolb, t*. 

03DHCHILL (FIEErWOOB). ON THE THEORY AND PRACTICE 
OP MIDWIFERY, With notea and additiona by D. Franc ia Condie, 
M.D. Witb about 200 illustration a. In one handaooie Sfo. vol, of 
nearly 700 pagsa. Clotb, $4 ; leatber, $i, 
ESSAYS ON THE PUERPERAL FEVER, AND OTHER DIS- 
EASES PECULIAR TO WOMEN. In one neat oo tat o vol of about 
460pagea, Cloth, $2 30. 

OJinilE [0, PHATICIS), A PRACTICAL TREATISE ON THE DIS- 
BASES OF CHILDREN. Sijtth oditioD, roviaed and enlarged. In 
one large Sro, >ol. of SOO pngea. Clotb, $5 23 ; leather, $6 25. 
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32M duable-columned pagea, Uuther, r^i^d buiils. fib. Clatb, SII. 

CtHPfiELI'S LIVES OF LORDS KENYON, ELLENBOROOGH, AND 
TBNTERDEN. Belne the third tdIudki of ■' Citmpbiiire Lives BP 
theChiofJuBticefotEngland." lu onaorowiiootBVo »oi. Clftth, |2. 

DU.TON (J. C.) A TREATISE ON HUMAS FHlfSIOLOQY. Sith 
edit[an, thoTuaghl; Tei»ed, and grestlj Hiltirgsd Knd iiaprored.wilb 
SIS ilJiiBtrutirinB. In one letj hindauoie 8vo. vol. of 830 pp- 
Cloth, t5 50 ; kiliien S^ iO. iJuii Ufifd.) 

DlVia (F. H.) LECTURES OS CLINICAL MEDICINE. Sesond 
editioD, reviaed nnd enlsr^ed. In one I2DI0. vol. Cloth, tl TS. 
D3H eUIXOTE DE L4 MASCHA. Illnstrated edition- In two h«nd- 
eoiBO vol.. croi " - ' 



loth. (2 50j 1 
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A TREATISE ON THE PHYSICAL AND MEDICAL TREAT- 

MENT OF CHILDREN. In ona Bvo. vol. of H8 pugOB. Cloth. »! 80. 

DSBITT (ROBEST). THE PRINCIPLES AND PRACTICE OP MO 
DERN SORHERY. A roviBod American, from the eighth London 
edition. llluBtrated nith 433 wuud engr&viugs. In oDe Svo. vol, 
of nearl; 700 pngea. Cloth, $4 ; Isatter, %b. 

DUNQLIBON (MBLETi MEDICAL LEXICON j a DiolionMj 
Medlral Selsnoe. Contftining a conaiBB explrknntion of the vftrii . 
iobieota nnd tormi of Aoatomj, PhjBiologj, Pulbulogy, HjgieD*, 
Therapeatios, Pharmocologf, Fharinogj. Sarger;, ObMetrioi, Hsdical. 
JuTliprudenoe. and Dentislij. Notinea of Climate and of Mineral 
Walersi Eormulaa forOffieinai, Etnpitioni, and Dietetic Pre pnrntionF, 
with the acoentanlion nnd Eljmology of the Terms, and the Freueli 
and other SjnoDjmos. lu one verj large rojal Bvo. vol. New edi- 
tion. Clalh.tB&O; leather, $T 60. {Justiaiied.) 

HITMAN PHYSIOLOGY. Eighth edition, Ihoronghly revi»d. 

In tno lorge Svo. vole, of nbout l&UO pp., with 532 illaa. Cloth, $7. 

NEW REMEDIES, WITH PORMDLil FOB THEIB PREPARA- 
TION AND ADMINISTRATION. Seventh edition. In oae rerj 
large 810. vol. of 770 pages. Cloth, J*. 

DE LA BECHE'S GEOLOGICAL 0B6ERVEK. 
of TOO pages, with 30D illuBtfntiona. Cloth, 
DANA (JAMES D.) THE STRUCTURE AND CLASSIFICATION OP' 
ZOOPHYTES. Withilluslraltooionwood. Inoneimper 
Cloth, 14 00. 
■pLLIS (BESJAMIII). THE MEDICAL FORMULARY. 




EfllCHSEH (lOHH). THE SCIENCE AND ART OF SDROEHI. 
A new nnd improved AlneriaaD, from the Biith enlarged and la- 



Diapa nod about 1 101) woad.cuta. Clulh, tS. 
r'3THEBGILL'8 PRACDITI1SEB.'B HASDBQOK OF TKBAXaimTj 
-*■ In one hiindiomfl oolnio votiiiikB. VlUiU"^^^^^^^^^^^^^] 
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FEHWICK (SAMOFIj, TUB BTCDENTS' GUIDE TO MEDICAL 
MAQNOeiS. From the Third Bevissd and EQlurged London Bai- 
tioD. la one vol. roynl ISmo. Clotb, 12 2&. 

FLETCHEH'8 NOTES FROM NINEVEH. AND TRAVELS IN MESO- 
POTAMIA, ASStRIA, AND STRIA, In one I2nio. vol. Cloth, 75 oU. 
FOX ON DISEASES OP THE STOMACH. From the third London edi- 
tion. In ODfl outavovol. Cluth, |2. (J,„[ iiived.) 
FOR (TILBDHT). EPITOME OP SKIN DISEASES, wilt Porinnlsi 
for Studentannd PrMtiti oners. In one sinnll 12mD. vol. C^ith, %\.. 



and enlarged. In one lurge 8vo. Tolume of lOTD pngea. Cloth, $K -, 
leJlther, raised bunds, $7. (Jnil Uiutd.'i 

— A PRACTICAL TREATISE ON THE PUVSICAL EXPLORA- 
TION OF THE OHEST, AND THE DIAGNOSIS OF DISEASES 
APPECTINQ THE RESPIBATOBY ORGANS. Senond andreviaed 
editioD. One Svo. vol. of fi95 ^ges. Cloth, $i SO, 

— A PRACTICAL TREATISE ON THE DIAGNOSIS ANDTREAT- 
HBNT OF DISEASES OF THE HEART. Second edition, enlarged, 
Tn one neat Bru. vol. of orer 500 pngee, {4 00. 

— ON PHTHISIS: ITS MORBID ANATOMY, ETIOLOGY, rti-., 
iu a serias of Clinical Lectures, A nen work. In one hirndsomo 8vo, 
vulome. Cloth, (3 50, U,ut smied.) 

— A MANUAL OP PKROUSSION AND AUSCULTATION ; of the 
Phyriicnl DIngnoais of Disenees of the Lunga and Heart, and of Thn- 
rnnic Anenciem. In one hntidsome rnjal 12mo. Tolnma. Cloth, 
• 1 7S. (Nowttady.) 

— MEDICAL ESSAYS. In one neat 12.dD volume. Clolh.JI 38. 
IDWHE8 (9E0RGE), A MANUAL OF ELEMENTARY CHEMISTRY. 

■ lenth enlarged English edition- In one rojal 12nio. vol, of 
, with 197 illuistraLiDnB. Cloth, |2 75 ; leather, S3 H. 
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From the seooni English e 
of ahaut iOO pagefr. Clolh, |3 50. 

&U.I.O-WAY (ROBEEll. A MANUAL OF QUALITATIVE AN- 
ALYSIS. From the fifth Engliab edition. In one ISmo, vol. Cloth, 
$3 SO, [iMlitypubtiihed.) 

BLUGE (aoTTlIEB), ATLAS OF PATHOLOGICAL IHSTOLOGY. 
Tranalated b; Joaeph Loidj. M.D., Professor of Anatom}' in the 
University of Pennaylvunia, Ac, In one vu). imperial qoiirto, nitb 
321) (jupperplate figurea, pliiin and colored. Clotb, $4, 

ATUQ" 

e third Load, Ed, 
a handiome Sro. vol,, nith numerous ill ustrat ions. Cloth, 
(2 T6. [Jun U=nfd ) 

GRAY (HEHBY). ANATOMY, DESCRIPTIVE AND SURGICAL. 
A new Amerioun. from the finbundenlargedLondanedilian, In one 
largeimperialSvo. ToL of about 9(10 poget. with 462 large and elabu- 
riite engraiinge on wood. Cloth, $6 { leather, %T. {Lately itiiud.) 

GEIFFITH (BOBEBT E.) A UNIVERSAL FORMULARY, CON- 
TAINING THE METHODS OF PREPARING AND ADMINISTtR. 
INGOFFICINAL ANDOTHBR MEDICINES, Third und Enlarg-d 
edition. Edited b; John M. Mabch. la oao large 8vo. vol. of HOU 
pe«ee, doable Dulnians. Cloth, $4 50 ; UaLliBr, %& tH. 
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With platei. 
In tifo large Sro. Tola., coDtsiniog lEOO pngea. CLotb, $e. 

MANUAL OP CHEMICAL PHTSIOLOOT. In one rerj 
some Std. vol. of 336 {HkReB. Clolb, fS 15. 
T AWSOTT CJEOaBEl. INJPRIBS OF THE EYE, ORBIT, AND BYE- 
' LIDS, nith about 100 iJlaatrBtioiii. Prom tlis lut English edilion. 
Id one handsome Sto. vol. Clolh, S3 SO. 
rtlDLOW (J. L.) A MANUAL OF EXAMINATIONS UPON ANA- 
'• TOMY. PIIYSIOLOGY, SURGERY. PKACTJCE OF MEmOlNE, 
OBSTETRICS, MATERIA MBDICA, CHEMISTRY. PilARMACY, , 
AND THERAPEUTICS. To which la added a. Madi.'Ll Eormular;. 
Third edition. In one rojal IJmo. vol. of over 800 pagts. Clolh. 
(3 3i ; leather, $3 75. ' 

AYCOCK (THOKAE). L .. _ .. _ 

METHODS OF MEDICAL OBSERVATION AND RESEARCH. Ii 
one IZmo. vol. Clolh, $1. 

LTHCa (W. r.l A NARRATIVE OF THE UNITED STATES EX. 
PEDITION TO THE DEAD SEA AND RIVER JORDAN. In oae 
large satmuvol., with SS beaatifal plates and two maps. Cloth, {3. 

Same Work, condensed edition. One toI. royal l2mo, Clotb. $1. 

TE£ (HENBT1 ON SYPHILIS. In one Svo. vol. Cloth, $3 25. 

LYONS (BDBEST D,] A TREATISE ON FEVER. In one neatSio. 
Tol. ufSfilpsgea. Cloth, tZ 25. 

M4ESHALL (JOHK). OUTLINES OF PHYSIOLOGY, HUMAN 
AND COMPARATIVE. With Additioni by Frabcis Q. Suitb. 
M. D., Professor of the Inatitutea of Medicine in the Universily of 
PennsyWania. In one 8vo. rolume of 1D2S pagea, with 123 illnatra. 
tiona. Strongly boDod in leather, mieed bandi. $7 50. Cloth, $9 BO. 

MiCLIBE (J08BPH). SURGICAL AJJATOMY. In one large Im- 
perinl qunrto vol., with SB splendid plates, beautifully ooloredi eon- 
tiiinlng IBJ flgurea, mnny of them life aise. Cloth, JU. 

MEIGS (CHAS, D 1. ON THE NATURE, SIGNS. AND TREATMENT 
OF CHILDBED FEVER. In one 8vo. vol. of 385 pngee. Cloth, »S, 
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pages, nith 210 illuslmtiuos. Cloth, $3 75. 

THE PRACTICE OF SURGERY. Foarlh Amerinaa, from tb* 

Inel Edinburgh edition. In one large 8vo. vol. of 700 pagea, with 
•Mi illnstrotione. Clotb, S3 75. 

MOSTGOKERY IW. F.) AN EXPOSITION OP THE SIGNS AND 
SYMPTOMS OF PKBONANCY. From the aeoond English edItiOB. 
In one handsome 8vo. vol. of nearly 600 pages. Cloth, $3 75. 

MDLLEB (J.) PRINCIPLES OF PHYSICS AND METEOROLOGY. 
In one large 8vo. vol. with 550 wood-cuts, and two colored platM. 
Cloth, t4 50. 
lyiRABEATI ; A LIFE HISTORY. In one 12mo. vol. Cloth, 75 ols. 

MACFAELAHD'S TURKEY AND ITS DESTINY. lu 2 toIb. cojal 
12mn. Clotb, J2. 
MARSH (KES.) A HISTORY OF THE PROTESTANT REFORMA- 
TION IN FRANCE. In 2 vols, royal 12mo. Cloth, (2. 
HTELIOAN ( J. MOOEEl , AN ATLAS OPCUTANEOUSDISEASKg., 
J.l oat quarto loluma, w^hbe^nl>l^^>^JttoVMa^^a^M,>^l. ^ftaah^f' 



MILLER (JAKES). PRINCIPLES OF SURGERY. Fourth Ameriesn, 
fror ■■ ■ " " 




I THE VARI0D8 BRANCHES OF MEDICAL SCIENCE. 

1 lOOn pftges, with 374 wcioa-oula. 

i, e4 75. 

LECTURES ON ANCIENT IIISTOEY ; eom- 

Nntlona, the EgjptiaDs, 

&nd CarthngeniiiDB. TrauslxCed hr Dr. L. 

In three neut inlumes. crown ostnYD. Cloth. $5 00. 

riDLIHG [WILIIAM), ACODRSE OF PRACTICAL CHEMISTRY 



NIEBDHR (B. B.) LECTUI 
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U FOR THE USE OF MEDICAL BTDDENTS. In 
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PLATFAIR (W. B ) A TREATISE ON THE SCIENCE AND PRAC- 
TICE OF MIDWIFERY. In one handsome ootaro Tol. of 67fl pp., 
ind two plates. Clulh, £4 ; leather, $5. 
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PAVY (F. W.) A TREATISE ON THE FUNCTION OF DIOESTION, 
ITS DISORDERS ASD TUEIR TREATMENT. From the Eecunrl 
London ed. Id one 8vo. vol. of 245 pp. Clnth. »2. 

A TREATISE ON FOOD AND DIETETICS, PHYSiOLOQI- 

CALLY AND THERAPEUTICALLY CONSIDERED. In one neat 
octavo Tolume of about 5D0 pages. Cloth, (4 75. {J«il iisiitil.) 

P&BRISH (EDWARD), A TREATISE ON PHARMACY. Willi many 
Forninite and Presoriptions. Fourth edition. Enlarged and tho roughly 
reviled bj Thomas S. WiecaQd. In one handsome 810. lol. of 077 
pngei, nith aSO illue. Cluth, fi 50 ; leather, $B 50. 

PIBRIE (WILLIAM) THE PRINCIPLES AND PRACTICE OF SUR- 
GERY. In one handsome octuvo volume of 760 puge«, with SIS 
illustrationg. Cloth, S3 75. 

PEBKIEA (JOHATHAK). MATERIA MEDICA AND THERAPEU- 
TICS. An abridged edition. With numerout additions and refe- 
renoes to the United States PhBraiscopieia. B; Hnrnlio C. Wood, 
H.D. In one large ootavD volume, of 1 04(1 pu gee, nith 231 illustra- 
lions. Cloth, 17 DO; leather, raised bands, $» 00. 

PDLSZKY'S MEMOIRS OF AN HUNGARIAN LADY. In one nenl 
rojal 12mo. vol. Cloth. $1. 
PAGBT'8 HUNGARY AND TRANSYLVANIA. In two rujal l2mo. 
vols. Cloth, J2- 
REMSEH (lEA). THE PRINCIPLES OF CHEMISTRY. An Intro- 
duction to Modern Chemistry, for the Use of Students. In one IJmo. 
vol., cloth. (7»j.««.) 

EOBEHTB (WILLIAM). A PRACTICAL TREATISE ON URINARY 
AND RENAL DISEASES. A seuond American, rrom the second 
London edition. With numerons illnstrations »nd n tf.dored plate. 
In one very handsome Bvo. vol. of 616 pages. Cloth. t4 50. 

E&MSBOTHAM (FHAKCIS H.] THE PRIKGII*LES AND PRAC- 
TICE OF OBSTETRIC MEDICINE AND 8DRGERT, In one im- 
perial Svo. vol. of eSO pages, with 94 plates, besides numeruue wood- 
cuts in the le«. Strongly boand in leather, $7. 
RIGBY (EDWARD). A SYSTEM OF MIDWIFERY. Second Ameri. 
can edition. In onehandsome Hvo.toI. of 413 pages. Cloth. S2 BO. 
EAHKE'S HISTORY OF THE TCIHKISH AND SPANISH EMPIRES 
in the lEth and beginning of 171b Century. In one Bvo. voluu,e. 
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gCBArSB (SDWAKO AI.BEE7} A COUKSS OF PRACTICAL HIS 
*^ TOLOGY: A-Mkoaftl of the MlarDacopc for MBdloB] Studcate. In 

■me haoilgaiua o«Uvu lol. With nomerona Uliistrdtions. llaprtii,} 

SMITH (EUSrACZ). ON THE WASTING DISEASES OP CUaOREN 
SMond Aid ericu edition, eolnrged. Inonearo. >a1. Ctuth, $3 50, 
SASOEFT |T,W.> OS BANDAOINt^ AND OTHER OPERATIONe 
, OF MINOR SUBGERT. New edition, vich an additioti&l ohapber 

on Mililftrj SHrjerj. In one handiome royal lamo, vol. of nearly 
400 pugos, with 18* wuod-onti. Cloth, *i 75. 

SSHH (J. LEWIS) A TREATISE ON TUG DISEASES OP IN- 
FANCY AND CUILDUOOD. Third Edili-'ii, reriscd iind enlarged. 
In one lai^e 3.0. v.)luniB of 724 psgea, with illuBl rations. Cloth, 
|5; lealher, $6. {Jun ismed.) 

SHABPEY (WILU&W) AKD QUAIN (JOHES AHB BICHABS). 
Ul'MAN ANATOMY. Wiih notes snd additioni by Joa. Leidy. 
M.b.. Prof of AtlittomylDlhe Dnirenity of Pennfylrania. In too 
InrBefivo.vols otahont 1300 pages, with 31 1 illuBtmtioni. Clnlb, $6. 



SBITH (HE»SY H.) AHD HOBHEB (WILtl&U E ) ANATOMICAL 
ATLAS. IIluatrativeoriheitcoatareofthellamiinBody. InoneUrgs 
imperial 8ru. vol., with ahoat 650 beuutiful figares. Cloth, $i SO. 



QTILLE (AIFREI). THERAPEUTICS AND MATERIA MEDICA. 



SCHHITZ AND ZIIMPT'8 CLASSICAL ST^BFEB. In roysl tSmo. 
CORNELII NEPOTIS LIBER DE BXCELLBNTIB08 DUCIBU8 
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WELLS (J. 80ELBEBG). A TREATISE ON TDE DISEASES OF I 
THE EVE. Second Americnn, from the Third English edHlan " 
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one oi!lavo Tolnme of 550 pages. Cloth. $3 75 ; leather, S^ T5. 

LECTURES ON THE DISEASES OF IKPANCT AND CHILD- 
HOOD. Fillh American from the sijltb reTiaed English edition. In 
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ON SOME DISORDERS OF THE NERVOUS SYSTEM IN 

CHILDHOOD. From the London Edition. In one small 13mo. 

AN ENQUIRY INTO TDE PAinOLOQICAL IMPORTANCE 
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WILLIAMS (CHARLES J. B, «nd C. T.) PULMONARY CONSUMP- 
TION : ITS NATURE, VARIETIES, AND TREATMENT. .■ 
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WILSON (EBASinie). A SYSTEM OF HUMAN ANATOMY, 
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ON DISEASES OF THE SKIN. The serenth American from 

the last English edition. In one large 8vo. vol. of oTer SOO ] 
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Also, A SERIES OF PLATES, illnstrating "Wilson on Biseases 
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colorsd, representing abont one hundred yarieties ofDiseue. t5 SO. 

Also, the TEXT AND PLATES, bound in one volume. Cloth. $10, 
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handsome ootaTo volume o(484 pages. Cloth, J4. ( 

ZEISSL ON VENEREAL DieSABBB. Irtiulkted bj Stargb. 
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